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Down go filling co 


Pfaudler Piston Fillers show big 
savings for companies packaging 
liquid to semisolid products. 


FAST— Because Pfaudler Piston Fillers deliver high- 
volume output at top speed, fewer fillers are needed 
to do the job. Capacities range from 100 to 600 con- 
tainers (cans or jars) per minute, depending on 
viscosity of product handled. Result: saving in 


initial equipment. 


VERSATILE—You can handle a wide variety of 
products with this machine— potted meats, gravies, 
heavy or light lubricating oils, syrups, processed 
cheese, to mention a few. The Pfaudler Piston Filler 
provides the positive action needed for accuracy of 
fill. Instantaneous volume adjustment controls 


aceuracy within a fraction of an ounce. 


EASY-TO-CLEAN— llours of costly labor for clean- 
ing are eliminated because both the pistons and self- 
compensating cut-off valves are removable in one 
piece by hand. No tools needed. Pfaudler offers this 
cost-saving feature exclusively! Besides, the Pfaud- 
ler “no-can-no-fill” feature protects you against 


wasteful spillage. 







EXCLUSIVE FEATURE 


Pistons and self-compensat- 
ing cut-off valves easily re- 
moved by hand for fast, 
easy cleaning. Saves hours 
of work, cuts costs. 


Gravity Fillers 


THE PFAUDLER CO., ROCHESTER 3, NEW YORK nei 


Engineers and Fabricators of Food Processing Equipment 


Decerators 
Vacuum Pans 


Evaporators 
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New 6 valve Pfaudler Piston 
Filler handles up to 200 cans 
or jars per minute. Larger 
sizes available 


THE PFAUDLER CO., Dept. FT-6, Rochester 3, N.Y. 


Send me the facts about Pfaudler Piston Fillers 
right away. 

Name Pitl 

Company 

Address 


City Zone State 
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Factors Influencing the Quality of Tomato Products. I. Surface- 


y ; : . | 
Localized Pectic Enzymes Inactivated by Blanching | 
Ye 
R. J. McCOLLOCH, GEORGE J. KELLER, anp E A. BEAVENS | 
ruit and leaqetable Chemistry Labor ry." Pasad ! for } 
( Manuscript receive (October 19 195] | 
Pectic enzymes in ripe Pearson and San Marzano ves through the ax One half was then separated as com- 
variety tomatoes occur in greatest quantity near pletely as possibk to epidermis, epicarp, mesocarp, radial | 
the surface of the fruit; therefore a large proportion valls and core. and lar cavity contents. The weight of each | 
of such enzyme activity may be destroyed prior to vas determined and t ndividual fractions were macerated in | 
crushing by passing whole fruit through a steam or i micro-blender with an equal weight of 10% sodium chloride | 
hot water blanch. Such treatment can improve the re- olution,” and filtered. Pectin-methylesterase (PM) and pectic | 
tention of pectic substances during processing and icid-depolymerase (DP) were then determined in each extract 
tomato products of higher consistency may be ob- The remaining half of the fruit was comminuted with an 
tained. qual weight of 10% sodium chloride solution and PM and DP 
tivities were determined on filtered extracts. The total pectic 
It is well known that enzymic destruction of pectic yme content of t whole fruit was calculated from these 
\ substances during processing is*one of the factors con ta and used m calculating | ee the total pectic 
4 ihesiine to low consistency in tomato products (2 6 nzym«e rogers t Iruit 1 i of the sections. In this 
4 wanes ‘= manner, 25 ripe Pearson tomatoes were analyzed. The per- 
f 7 This destruction can be greatly reduced by rapidly centage distrihutios pectic enzymes in the sections was aver- 
, eating freshly crushed tomato macerate to 185° F ged for all fruits e data are presented in a condensed form 
Q5 ( ) However. the action of these enzvmes is very in Table 1 together with the approximate thicknesses of the sec- | 
rapid (4) and it has beet und in the course of earlier tions involved. In the same manner, 25 ripe San Marzano (pear- 
“I é pe) tomatoes were analyzed with essentially the same results 
vork in this laborator) ») that 100% retention of sa mleeeen tie Wide % that the thicknesses of morpholesical 
nectic substances is not obtained even under the best ections differed ; 


ractical commercial conditions of rapidly preheating 


TABLE 1 


fresl ‘rushed tomato macerate. This is due to the fact 
eshly « mS , Location of pectic enzymes in ripe Pearson tomatoes 


that heating and inactivation of pectic enzymes cannot 


| 1 4 rr o : ™ Percent of Percent of 
e made instantaneous and therefore a finite t —e inter a ee ‘ . total PM total DP 
val exists during which some destruction of pectic ° ctivity found | activity found 
: ‘ ” : ° . n section ‘ in section 
substances w1 occur Increased retention of pectic 2 
substances, with resulting improvement of consistency 
tomato products, might be possible if some practical 6 
means were found to inactivate a large percentage of the lat t 0 
pectic enzymes prior to crushing and preheating [he tomatoes ex ite pectin-methylesterase units 
Britis! ; . 1 ted (8 that xidizin PMI content fr PM g. on a whole fruit basis. Al 
iritish wo rs L\ repo ( ATS 
ritish OTK¢ men : rte } la a ‘ ther I riat t tal pericarp makes up approxi 
enzymes in the tomato fruit are located largely in the tely 45% of the weight of the e fruit; the radial walls and core 
at a” ° t nd the t t wut 20% 
skin and outer portions. If pectic enzymes are similarly 
located, they might be inactivated by scalding 1n steam 
. Discussion 


or hot water prior to crushing. This heat treatment 





In Table 1, the data for the epidermis and epicarp 


would probably reduce the degradation of pectic sub ; , ' ' , 
; have been combined because of the uncertainty of per- 
stances in the short interval between crushing and at ; ate 
: ' > sof0 © lect: separation the fractions by dissection and the 
taining the proper preheating temperature of 185° F aie ae RRL ; “ 
7 high variability among individual fruits in the ratio of 
a ( ) mm ) ) 
ston ry F ate Reveal PM and DP in the 2 sections. For the same reasons no 
us paper reports investigations ol rie ocation ol 
—_ Pay 7 aa value is given for the mesocarp. This value was replaced 
rger pectic enzymes in ripe tomato fruit and application of i 
by a value for the total pericarp, which includes epider- 
improved processing method whereby greater reten : 
mis, epicarp, and mesocarp. It is interesting to note 
ot pectt ubstances 1s attained , ‘ , e ; 
that, in spite of variations in the percentage of pectic 
EXPERIMENTAI enzyme conte! these 3 fractions, the epicarp was 
. ilways found to contain a higher percentage than either 
Location of pectic enzymes. The tomato fruit has been di ' aid ; a 
-—- hod (7 nsisting of an outer wall (pericarp) the radial the epidermis or the mesocarp. This fact strongly indi- 
the locular cavities containing the seeds cates the localization of pectic enzymes near the fruit 


Ilv-like paret ma tissue originating from the LTIACce It 1s Is nteresting to note that the distribution 


- , erica s described a ting of . of the two enzymes was always related to differences 
in datas single layer of cutinized cells ), : a 
my" pe pd i aot in color and distribution of color. Thus the redder 
icarp. consisting of 3 or 4 lavers of collenchyma cells: an , , . : 
ran salidher olf maceartanmh hana aha [an tomatoes were ind te ive a higher total pectic 
hally of the nericart enzvm ntent than more pale tomatoes. In redder 
i , ‘ 1 ; 
rate these morphological sections. The fruit was cut i rast trus fruit (3), it was found 
| plied to all types of tomato 
Bureau \cricultur Industrial Chemistry. Agricul tissue 1elds t i int 'M as extractions employing 
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tomatoes there was a greater concentration of the red 
pigment (lycopene) in the epicarp, whereas in paler 
tomatoes, the distribution of pigment was more diftuse 
was repeated by the pectic enzym« 
} 


ti aS 


and this patters 
distribution. Even within one type of tissue, suc 
the radial wall, it was found that local differences in 
color were accompanied by similar differences in pe 
tic enzyme content even to the extent that colorless 
sections of radial wall were practically free of these 
CnZVTICS 

In spite of the above-mentioned differences, the ratio 
of pectic enzyme content between total pericarp and 


other major morphological sections was fairly constant 


Application of Blanching 


lo evaluate the effect of blanching on the retention ot 
pectic substances and consistency, two 15-pound lots ot 
Pearson variety tomatoes were processed into purees 
containing 21.5% solids 


Aside from the blanching ot 1 lot (to be ck scribed later), the 


tomatoes were crushed and finished in one operation in a pilot 
plant model tomato finisher having a screen with 0.033 incl 
perforations. The juice issuing from the finisher outlet was 


pumped rapidly through a heat exchange unit which brought 
the temperature up to 200° F. (93° C.) in about 1 second. The 


resulting juice from each preparation was then concentrated 1 


a vacuum evaporator The temperature of the juice during 
evaporation did not rise above 110° F. (43° C.). Concentratior 
of the juice was discontinued when the solids content, deter 
mined refractometrically, reached 21.5%, since above this solids 
content it was difficult to get the concentrated material to circu 
late through t eat-exchange 

One lot was blanched prior to preparation of the pure 
Blanching was accomplished by immersing the tomatoes 1n hot 
water at 200° F. (93° C.) for exactly 2 minutes. The rate at 
which the heat exchanger could accept juice was limited and it 
vas anticipated that blanching the whole lot at one time wi 
be undesirable since an appreciable fraction would stand 


ome time after blanching before it could be fed throug] 

crusher-finisher to the heat exchange unit. This would permit 
action of pecti ymes at depths in the fruit where the tem 
perature had become high enough to cause disruption of cell 
structure but not high enough to inactivate pectic enzymes 
(185° F. or &5° ( Therefore, the tomatoes in this lot wer 
blanched a few at a time as they could be accommodated. Evert 


under these conditi Ss, 1f 1S estimated that averag« hold up tim 


between blanching and preheating was 2 minutes. The tempera 
ture of the macerate during this holding time varied in the range 
of 122-140° |] 0.607 ( 

In the experiment where blanching was not employed, t! 
vhole tomatoes were fed to the crusher-finisher only as fast as 
the heat exchanger could accommodate the resulting juice, and 


the hold-up time between crushing and preheating was calcula 


hye niv about 30 s« Is 
The resulting purees were analyzed for pectic substances « 
t and their nsistencies determined using the Jacobs Gel 


lime Viscosimeter with a 150 r.p.m. motor and the stainless steel 
eye 


tapered helix. he scale readings of the instrument had e! 
previously calibrated in centipose with standard Newtonian solu 
tions of known viscosities and the consistencies of the pure 
amples determined at 30° ( (86° F.) are expressed in 
parent” centipoise viscosity corresponding to these calibrations 


Since the viscous behavior of tomato puree is non-Newtoniar 
vse values show only differences in consistency and do not 
represent absolute viscosities. This type of expression does have 


the advantage, however, of giving numerical values correspot 


to the reproducible calibrations of the instrument 

The menti tf special instruments throughout this paper 

s not imply that they are endorsed or recommended by th 
Department \g tur ver thers ot a similar naturs 
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Discussion 
lhe results obtained are illustrated in Table 2 
was expected on the basis of distribution of pe 
enzymes, blanching improved the retention of pe 
substances during processing and the resultir 
had a higher consistency, which was a evident 


subjective observation. It is worth pointing ou 


both purees represent products wit relativel 


TABLE 2 


Pectin retention and consistency in tomato purees 
prepared with and without blanching 


retention of the pectic substances. | 
confirm previous findings (6) that, 
contents of pectic substances, differences in consiste 
are not directly proportional to the amounts 
constituents present. 

In evaluating the overall effect of blanching, s 
consideration must be given to the times and temp 


tures occurring during these pilot t preparat 
It has been noted that in the blanching experiment 
tomatoes were held after blanching for about 2 
on the average before crushing and preheating 
completed. As a result, there was ti for some pe 
enzyme action within the insufficient! eated porti 
of the fruit before crushing. In addition, the 
macerate was at an elevated temperature | 122-140 
(50-60° C.)] at which enzyme activity is gr 
accelerated (5) during the short interval betwee 
ing and preheating. ©n the other ha where blat 
ing was not employed, enzyme activity is not initi 
until the fruit was mechanically crushed and the rate 
enzyme action would then be relative low in the « 
macerate before preheating imactivated the e1 
lherefore, except for the inactivatior pectic 
by blanching, conditions of the experiment 
retention of pectic substances in the unblanched 
fruit. The fact that a greater retent f pectic s 
stances was nevertheless obtained in the _ blanc! 
experiments lends even greater weight to the res 
presented and to the conclusions dr 

lhe blanching operation, as applied here, or as s 
times employed by the industry for greater color extt 
tion, inactivates only the surface-located pectic e1 
but at the same time it causes disrupt t cells wit 
the fruit where temperatures would not be sufficient 
inactivate the enzymes. Little advantage 11 nsistet 
would therefore be gained by blanching unless t 
combined with a rapid and efficient preheat 
crushing. This is particularly true s the t 
the residual pectic enzymes will be great iccelerate 
the higher temperatures pertaining the result 
macerate from blanched tomatoes before it is 
to 185° F. (85° C.). However, wher 
junction with previously recommend: nditions 

<a on 


processing (+), it appears that bla: 9 
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significant advantage in pectic substances retention and Phe g ctinesterase. Arch. Biochem., 
improved consistency of the product . 6, 389 (194 ; 

+. Met ocH, R Ky Z. |. Recent developments 
Further studies are under way to determine optimum f practical significance in the field of pectic enzymes. 
times and temperatures of blanching to study the sup i Tecl 3, 94 (1949 
pression of pectic enzyme activity 1n tomatoes macer McCottocn, R KERT! Z. 1. Pectic Enzymes VIII. 
- d cold \ comy inga!l pectin-methylesterase with that of 
—— higher pecially tomatoes. Arch. Biochem., 13, 
LITERATURE CITED 217 (1947 
et fst | T. Truck Crop ts. 1928 McCotiocu 1—ELSEN, B. W., AND Beavens, E. A. 
satan McGraw-Hill Book Co. Inc. New York N. Factors i g the quality of tomato paste. II. Pectic 
ty: , ; changes g processing. Food Technol., 4, 339 (1950). 
2. Kertesz, Z. |., ANnp Loconti, J. D. Factors determining th 7. WitpMan, J. D tilization of natural pectin. Western Can- 
consis y ot commercial canned tomato juice New ade and Pa r 22 15 (1931) 
York State Agr. Exp. Sta., Bull., 272 (1944 8. Woxes, | Orcan, JoAN G. Oxidizing enzymes and 
MacDon i ae E. | AND LINEWEAVER, Hans vitamin ( itoes. Biochem. J.. 37, 259 (1943). 


Peanut Butter. II. Effect of Roasting and Blanching 
on the Thiamine Content of Peanut Butter’ 


R. K. WILLICH, M. D. MURRAY. R. T. O'CONNOR. a 


’ ‘ 





ifhneri ae nda (scar ? j } [ ut i 
(Manuscript received February 11, 195 
The effects of roasting and blanching on the thi- the processing reported previously (9), and 
amine content of peanuts in the manufacture of pea- nly sufficient inf is given here to permit identification 
nut butter have been investigated. Most of the thi- f the finished he blanched, sorted peanuts were 
amine of the raw peanuts was found to be contained ground into peanut butter at the rate of about 240 pounds per 
in the kernel after removal of the testa. Peanut but- our in an 8-i1 vertical attrition mill of a type commonly 
ters made from peanuts roasted to various extents employed rcial manufacture of peanut butter. The 
were found to contain only a relatively small propor- temperatures of the peanut butters issuing from the mill varied 
tion of the thiamine originally present in the kernel. trom about 150-1 F. (65 to 74° C.) 
Furthermore, with increase of roasting the amounts Samples and method. Kaw, shelled peanuts; raw, shelled 
of thiamine found in peanut butter were progressively eanuts from whi the testa (red skin) had been removed 
less, while the color of the product became darker. manually; and nut butter made from roasted peanuts 
Consequently, color becomes a visual indication of the vere analyzed ink tent. Results of analyses of raw, 
extent of roasting, and indirectly of the loss of shelled peanuts before and after removal of testa, and similar 
thiamine. lata for the peanut butters are given in Table 1. 
Thiamine wa termined by a modification of the Conner and 
- = pms , : Straub (5) fluor method. The method is based on the 
Raw peanuts are a good source of thiamine ( vitamin frie ; aie Me Beer 4 
; a : dation of thia ochrome, which fluoresces in ultra 
B,) (3, 6), but roasted peanuts are grouped by Booher violet light. In t ibsence of other fluorescing materials, the 
and Hartzler with those foods which generally contain fluorescence is pt tional to the thiochrome present and hence 
nly a moderate amount (3) of this substance. Because to the thian t the original sample. The procedure 
of the known thermal instability (7) of thiamine and the ised is vit ime as the thiochrome method of The 
high temperature and protracted time of heating peanuts —o wa The modifications were 
5 t ¢ i F 5 made to increa sensitivity sufficiently to determine the 
to produce the desired color, flavor, and aroma in pea mall amounts some of the products. 
nut butter it might be expected that there would b [he major st n the ed thiochrome method are as 
some decrease in the ntent of this vitamin in the I] 
finished product l. Aci \ccurately weigh a sample expected to 
t 5 y of thiamine, and extract with 65 ml. 
EXPERIMENTAL of ( tes 
Peanuts. he peanuts used in this investigation were No. 1 2. Incut £ mple of Taka-diastase* in 5 ml 
grade. shelled hite Spanis! ts (8) obtained from a cor ot 2.5 etate is added to the cooled acid-extract, 
rercial she ‘ nt eh Gnctiatie — ‘ Tate " t to enzymatic hydrolysis for 3 
Seater | 
Processing conditions. The peanuts were roasted in 2-bag ( The sample is purified by 
250 Ib.) bat i! natural gas-fired, rad heat roaster Z through an 8 cm. column of activated 
roast s i. me ( blanched, a Deca I ition with hot acid potassium 
4 t ! iteria Detai 
Repor y é , farketing t 5. Department of Agriculture 
Act of 194¢ above over those of any others 
ine r B Ag ; pure purposes. Their names are 
lustria stry \2 \ trat t e and information of the 
>. Depa f Agr er f ls of the method of assay. 


ZOO 
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TABLE 1 


Thiamine in raw peanuts 


ts [otal thiamine 
ontained in 


N Kert testa Kernal only kernel of raw 





shelled 
eanuts 


4. Oxidation Che sample, blank, and standard are oxidized 
procedure of The Association of Vita 


r conversion of thiamine to thiochrome 


as cle s¢ ribs tl 
min Chemist L) te 
5. Photofluorometric measurements The method (4) pre 
with a Coleman Model 12 Electronic Phot: 


including an appropriate filter to obtain 


scribed for us 


fluorometer * 
maximum sensitivity is used instead of the procedure 

The Association of Vitamin Chemists 
6. Calculations. Calculations are made as given in the method 


prescribed by the Coleman Electric Company (4 


RESULTS AND DISCUSSION 


[he results of the analyses of raw shelled peanuts 
before and after removal of the testa (Table 1) show 
that from 74 to 97% of the total thiamine is concen 
trated in the kernel of the raw shelled peanut. Results 
of analyses of peanut butters (Table 1) made from 
peanuts roasted under different conditions (9) show 
that the content of thiamine diminishes with increase of 
roasting while the roasted peanuts become darker. Fur 
thermore, comparison of the thiamine contents of pea 
nut butters with those of the kernel in:« raw, shelled 
peanuts shows in general that butters made from light 
roasted peanuts retain about 20% of the original 
thiamine content; those from medium-roasted peanuts 
less than 14%; those from dark-roasted peanuts less 
than 10% ; and those from very dark-roasted peanuts 
less than 3%. Consequently, color becames a_ visual 
indication of the extent of roasting and, indirectly, of the 
loss of thiamine 


SUMMARY 


\n mmvestigation was made of the losses occurring 11 
the thiamine content of white, Spanish peanuts during 
the steps involved in the manufacture of peanut butter 
rhe results show that most of the thiamine content (74 


and peanut butters 


Roasting tempera c kK 
{ ' 
ea 
iuomum Maxir 
r 
g 
x 
XS vhe 
TK 
g rk 
TK 
kK 
TK 
Tk 
; rk 
lark 
‘ shelled pea t the t 
} t 


to 97% ) of the raw, shelled peanuts 


kernel after removal of the testa. It s also ascer 
tained that a relatively small amount (2 to 22' 
thiamine originally present in the kernel of the p 
remained after processing into peanut butter. Also, 
increase of roasting the amounts of thiamine 

f t} f 


peanut butter were progressively less, 
the product became darker. Consequent 
ooh nnmatie 


comes a visual indication of the ext 
indirectly, of the loss of thiamine 
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Atomization as a Factor Affecting 
in Spray-Dried Albumen‘ 





Quality 
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A specially designed spray nozzle for the atomiza- for this purpose. As 
tion of albumen is described. Experimental results comes into line with 
are presented to indicate the effects of various atom zed particles to enter 
izing schemes on the beating power of spray-dried egg Replicate particle 
white. verage values were 

iterial were made on 
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Figure Lal y spray dryer. The unit consists of a 
ix-section horiz lindrical chamber 22 inches in diam- 
D S > ter and approximately feet long. The fan located at the 
exhaust end pulls air through the chamber at a velocity of 5 
s 6 feet per sé The powder collects at the bottom of 
ections an n the bag filter at the end of the last 
HI ection 
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very thin layers of powder spread on a slide coated with castor 
oil [The counts were made and averaged the same as with 
atomized liquid 

The various samples of atomized and/or dried albumen were 
finally evaluated using the meringue test described by Slosberg 
Hanson, Stewart and Lowe (4). Dried products were reconsti 
tuted to 12.5% solids before testing 


RESULTS AND DISCUSSION 


The two-fluid nozzles were selected for test because 
it has been claimed that, in operation, they produce less 
shear than pressure nozzles and centrifugal atomizers 
; The units were studied over a wide range of 


(3) 
operating conditions. Both atomized liquid and spray 


dried powder were collected and evaluated 
Ihe results obtained with two of these nozzles are 














shown in Figures 4 and 5 and Tables 1 and 2.° These 
T 
—-——-—25 psi air atomization pressure 
Se oAtomized, undried 
~—<<-=-<--- 40 psi air atomization pressure 
wAtomized, undried 
MSproy dried 
¢ 4+ 60 psi air atomization pressure 
e go Atomized, undried 
2 #Spray dried 
-_ 
e 
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@ 2 
o 
ie 
° j L 1 1 J 
500 1000 1500 2000 2500 
Surfece-Volume Rotio, sq. cm. /mi 
l i | ] J 
@o 120 60 40 30 24 


Meon Particle Diomeier, microns 


Figure 4. Effect of atomization and spray drying on beat- 
ing power of egg white (internal mixing nozzle). 


of the conditions of atomization tested 
The damage 


data show that all 
caused severe losses in beating power 


occurred during atomization; drying caused no addi 
tional change. The degree of damage appears to be a 
ir pressure (in the atomization 


he 


function of particle size, ; 
nozzles) and nozzle design. It appears likely that t 
effects of the latter two factors are due to shear. In 


prior to final atomization might be 


addition, mixing 
shear than simple external 


expected to produce more 
mixing. In a separate trial simply forcing albumen 
through the internal mixing nozzle at 50 Ibs 
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Figure 5. Effect of atomization and spray drying on beat 
ing power of egg white (external mixing nozzle) 
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Results of these and various othe 
in this laboratory suggested that an externa ixing 
two fluid nozzle of the type described 
should help to minimize damage due t 
tion, a lowered rate of surface formatio d he 
\ consideration of these points 


of the atomizing nozzle shown in Figure 1. This 
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Ctl Lf cv 


vice permitted production of surfaces in 1 stag 
atomization under relatively mild conditi 
lable 3 shows the effect of various 


tions with this and other nozzles on the atomize 


TABLE 1 


Effect of atomization and spray drying on beating power 
of egg white 
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A method is described for measuring the radio-fre Admittance Met ts me 
juency conductivity of highly conducting liquids over iperior to the instrument use 
a frequency range of 50 kc. to 1,000 mc. The conduc for measurements at the higher 
tivity of albumen from low-quality eggs was found st be given to the ty] f cell t 
to be 8.5 X 10° mho per cm. at 22 C. at the lower rrors trom fringing eftects 
frequencies with increasing conductivity at the higher best suited t tiv 
frequencies. Yolk material from low-quality eggs was rencies, becau 
found to have a conductivity of 2.9 X 10° mho per cm. te shield arour 
at 22° C. at the lower frequencies. The conductivity ind pick-up. For t measurements 
of both albumen and yolk material from high-quality ixial cell similar to that descril 
eggs was found to be about 15% lower than the re tructed using aluminum for tl 
spective values for low-quality eggs. Two electronic the insulator he si t 
candlers using radio frequency were tested and found { material available from 1 egg an 
to be unsatisfactory. It was concluded that with the to give the greatest accuracy of meas 
equipment now available, the interior quality of shell by experimentation that a ixial 
eggs could not be correctly measured with radio fre trode diameter 3.50 cm. ar 
quency. f 1.50 cm. would handle most cas 
iad 
Radio frequency has previously been proposed as sai ea 
tool tor determining egg quality (4 Vheoretically, it 
would be possible to determine egg quality by the use 
t radio trequency it the conductivity of the components 
(albumen and vol high-quality eggs 1s substantiall 
ditterent than the conductivity of the components 
low-quality eggs lata concerning the specific « 
ductivity of egg comy ents at 1,000 cycles per seco! 
ire available but the conductivity at hig! er ire 
quencies has been meast red ona relative basis only » 
[his report describes the instrumentation and meth¢ 
of measurement emploved for determining the cot b 
quctivity ( ents of high and low-quality eggs 
a he QQ 
over a trequency range of 50 kilocveles to 1,000 mega | 
cycles per second. The problem of measuring the 1 N Gy Ny 
terior quahty of sie eggs by the use of radio Irequency Ny FZ I) N 
energy is discussed on the basis of the measurements N GG, N 
| Lode } . ‘ 7 Wy S 
made on the egg « ponents. In addition, this report N Yt, K 
> : GG KN 
includes the result tests on 2 devices reporte t N ZY , S 
‘ ‘ Z 
determine eee qua itv DV l radi frequency measure N NY _-— POLYSTYRENE 
INSTRUMENTATION N ‘ \) 
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components at 72° F. (22° C.). The conductivity values 


were again essentially constant for frequencies up t 


about 50 mc. and above this frequency conductivity in 


creased rapidly. By neglecting the higher frequencies 
where the accuracy of measurement is very poor it was 


' 


found that the components of high-quality eggs ha 
about 15% lower conductivity than the low-quality con 


ponents. Figure 5 shows the same curves from th 
' 


revious two graphs on a single sheet for comparing the 
an) I 
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Figure 3. Conductivity of “C’’-quality egg components at 
radio frequencies. Points represent individual measurements, 
although several eggs were used to cover the complete fre- 
quency range. 
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Figure 4. Conductivity of “AA”-quality egg components at 
radio frequencies. Points represent individual measurements, 
although several eggs were used to cover the complete frequency 
range. 
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Figure 5. Conductivity of egg components at radio frequencies 
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Figure 6. Relationship of machine reading to albumen height 
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This paper presents a method for recovering, in es- 
sence form, the fruit aromas normally lost in the con- 
ventional vacuum-pan processes of making jams and 
preserves. A surface condenser is used instead of the 
usual water-jet or barometric condenser, and its con- 
densate is processed to form a strong essence. The 
essences thus obtained from strawberry, cherry, peach, 
and blackberry have the characteristic odor of the 
cooking fruit. They can be put back into the preserve 
to enhance its flavor, or used as flavoring materials 
for other fruit products. 


In the usual procedures for making fruit jams and 
preserves, which involve boiling off 10 to 30% of the 
the fruit, the substances 
to the fruit are driven off with the 


water contained in most of 
which give fragrance 
steam. Our grandmothers’ kitchens bore odorous testi 
mony to the loss incurred when the fruit was boiled in 
open kettles, and in vacuum pans the only difference is 
that the fragrant substances are lost in the condenser 
water instead of to the atmosphere. The substitution of 
a surface condense the more 
barometric type, and the use of low-temperature water 


an after-cooler, constitute the 


for usual water-jet or 


for the condenser or fot 


first step in recovering this loss. The next step is con 
centrating the collected condensate in 


recovery apparatus based on the principles developed at 


an essence 
the Eastern Regional Research Laboratory for recover 
ing and concentrating essence from fruit juices. By this 
procedure nearly all the aroma otherwise lost from each 
hundred pounds of preserves can be concentrated into 
less than a pint of essence. It is to be noted that the 
manufacture and use of such essences (“volatile flavor 
concentrates”) are subject to regulations of the Bureau 
of Internal Revenue (1) 

Reincorporation of essence into preserves ” improves 
their favor and aroma, giving the preserves a stronger 
and more fruity character. Tests now under way on 
storage of these preserves at room temperature indicate 
that, at least with certain fruits, the improved flavor 
does not last many months. A manufacturer whose nor 
mal processing gives products of adequate quality for 
his market might profitably sell the as by 
products. There is now a market for volatile fruit con 
centrates for contributing true fruit flavor in the manu 
creams, and 


essences 


facture of beverages, fountain sirups, ice 
confectionery 

In pilot-plant work at the Eastern Regional Research 
Laboratory, application of this process.to cherry, straw 


berry, peach, and blackberry preserves has been investi 
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gated. In each case, an essence of good aroma was 


obtained. Strawberry, blackberry, and erry wer 


strong and excellent. The peach preserv: made, 
usual, from canned peaches ; hence the essence had t 


characteristic odor and was not very strong 


EXPERIMENTAL 


Condensing the vapors. In making a 2000-4 
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pounds. For 
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example 
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water vapor ev 


amounting to 380 


ot the odorous substances originally presel } t 1 le 
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present process uses a tubular surface 
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designed as t 
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Figure 1. Apparatus for investigating recovery of aroma 
lost in the manufacture of preserves. 


coolit sat 
' j ¥ 
Fu 
‘ 1 ES( 9 t itt 
. tbbine | 
( ib he 
‘ 
I 
4 af . ‘ 
' ‘ lete 
Q° ¢ cially 
? ~ | it tl t 
1 
g Vit tne ¢ 
+ ‘ ? 
d ved 
. | 
- ( t Vv ‘ 
ese! 
‘ ++ 
+ ; { i 
, 
g t hese tet limit 
‘ ‘ , } ‘ pam t 
1 late 
()-55 | 
( ‘ 
vf P . ‘ 
P ‘ 
4] 
‘ ec 
‘ : 
| 
‘ £ 


} stir 


Making the essence 


‘ 


211 


75°F. (24° C.), 
about 60 gallons of 
l ton per 45 minutes 


t, with a 2-horsepower 


ithout low-temperature 
for the air and gases 
after-cooler is needed. 
rtain amount otf vapors, 
ater at normal tempera- 
bottom of the tower is 
processing into essence 
pan during the raising 
ibbing tower, a tower of 
needed, which would 
lherefore, since this air 
contents of the pan are 
ind the air sent directly 
during these periods 
the aroma have commer- 
must be concentrated to 
«essing the condensate, 
method developed at this 
fruit juice 
from fruit juices has 
the Eastern Regional 
For recovering essence 
mewhat simpler. Since 
it-damage as are fruit 
| not be designed for such 
lhe stripped condensate 
d therefore need not be 
bbed with water (obtained 


ng column). It is sufficient 


ily to assure condensa 


chilling can be accom 
through a small packed 
his tube and a small 
in an ice bath. This 
wn in Figure 2. The 
t batchwise. The gen- 
uid (condensate contain 
ite through a preheater, 
through a vaporizer in 
ized, each controlled by 
of vapor and residual 
the liquid is discarded 
ind the vapor sent to a 
column with its con 
water is discarded as 
ence is produced. The 
vented from the reflux 
d to the atmosphere 


percentages to vaporize 
is made by odor tests 
from which they were 
en did not necessarily 
latile constituents in 
very would be uneco- 
Recovery was judged 
the character of the fruit 
in essence made from a 
ndensate was of only 
nd peaches, the vapori- 
blackberries, 30%, 

iny one fruit, these 
ding to the variety 


re discussed later. 


important error, On 
0.104-inch” and not 








FOOD TI 


(~~ CONDENSER 
‘ } 


FRAC TIONATING 


PREHEATER COLUMN 


REFLUX 
SPLITTER 









—! 


VAPORIZER 





ORIFICE 
SEPARATOR 


4 
| STEAM 


TRAP 


ESSENCE 
FEED 


TANK 

} STRIPPED 
DISTILLATE 
TO WASTE 





ROTAME TER 


TO WASTE 





Figure Apparatus for producing essence from distillates. 
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Relative Color Evaluation of Food Purees Using Black 
and White Photography 


DAV] 


(Manuscript recety 


An objective method for the color comparison of 
food purees by means of black and white photogra- 
phy is described. The method can be extended to non- 
uniformly colored samples. 


(ne ot the 


material for 


very obvious advantages of glass as a con 
tainet 


Lhe 


acknowledged to be an important factor in influencing 


processed foods 1s its transparency 


“eye appeal” of the product within is generally 


the buying habits of the general public . This advantage 


can become a disadvantage if the enclosed product 


undergoes discoloration 


\ special type of discoloration is that termed “graded 


discoloration.” This type of discoloration, which causes 
the product to have a stratified appearance, has been 
especially costly to the baby food industry and in 1950 


leading domestic manufacturers of baby foods launched 


a comprehensive cooperative research program directed 
at a practical solution of the discoloration problem 
(hese laboratories were assigned that phase of the 
whole problem which has to do with investigating dis 
coloration of food purees in glass tubes sealed under 


carefully controlled conditions. It soon became evident 


that 


contingent on the development of objective methods tor 


success in these investigations would be directly 


discoloration 


evaluation of the 


Liscoloration of a food puree mm a glass container 1s a 
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time function and is known to take place over periods 
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sell or (4 hips, 


Dictionary, 


color estimati 
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complicating factor. Objective 
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thisecd onl 


instruments 


photo-tub and the tristimulus 
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standard observer theory are available and might pos 


sibly be adapted for use. Investigation has shown that 
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associated techniques would be necessary before they 
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graded or zoned discoloration food purees in glass 


containers 
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show entration of bacteria in the blackened bacterial t some shrimp on which black spots 
5 : é ( ents eloped, and t nability to transmit the spots to 
e tissues sid to be good evidence that 
\lIthoug ( : er spots origin. Studies now 
é t S with miuct rganisms ler wavy indicate that this scoloration is actually 
' , s there was 1 lifference ised bv et thin the shrimp. These 

( ent ot blackening on 1 lated and lings will be ter date 

( : ume s et wee 
te lated ones he blact SUMMARY 

404 ay ae as 1° 4 \n attempt le t nd a microbial agent 
. og oi Whats: tenets fresh shrimp held in 
ae s ie esa i ey Te aah storage. N re isolated that produced a 
: | i me | ee ns me kening o1 edia, and none of them 
oe 2 pan pl = used a blacl ited onto fresh shrimp. 
tag estan s not } to ti t the black spots to fresh 


2 ae eee : ae eS : i. a Fa : rimp | sm ulat vith blackened tissues 
<8 Ms 3 . , P - "y levelopme! t not affected by dippinz 
| ve gpd fn t rimp i uct ind fungicidal agents, 
i eel » on ne , i ee ol ie : ! ted by placing the shrimp 
: ry se peat Meg nder anaerol tions iipping them in a strong 


: aS : I icing agent. It ncluded that this discoloration 
. isulfite had 1 ipparent ; 
, is not the result rol ictivitvy, but is caused by 
et 1 é r tne ce - 
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Various techniques used in establishing the life ex- out injury to the cells will have a - 
ec ‘y 0 “tive , yeas scribed. »s a ; 
pectancy of active dry yeast are described. These the keeping quality of active dry veast = 
techniques include functional tests on both packaging \ 7 , 
. . rone ete ive dt é t ist - 
materials and on the product. It is first necessary Mentone” berore, active a : 
, f nt Qe | so z 
to determine the factors which affect the product. content of about 8% \s the 1 
Knowing these factors, one selects packaging materi this level, the stability of the pr é 
als which will give adequate protection. ctive drv veast is slowly respirine. 1 oe z 
is significantly improved by storaee thstant : 
lhe factors affecting the stability or life expectancy absence of oxygen, which is requir esti aiid 
ot food products vary widely and are dependent on the Continuous exposure to elevated t 
character and properties of the food product in question 100° F. (38° C._) or above is defini 
These products run the complete gamut of sensitivity t These characteristics indicate that 1 2 
changes, trom the highly stable products such as sugar portant factors influencine the life expe 
and salt, to the highly perishable products such as fres] drv veast are: moisture. oxveet ; 
produc ¢ and milk leood products, there fore, Ww need lo supy lement the study ot thes 3 
protection against changes in motsture content, oxvget teristics of active dry veast the 
bacterial contamination, loss of volatile flavor and aroma oxygen permeabilities of 
constituents, browning reaction, enzyme changes, et were measured Finallv. the combinat 
in order to extend their life expectancy. The particular in the package was tested both 1 
factors necessary to tudy are dependent upon the held storage tests 


1 


characteristics ol e product under consideration 
In an investigation of the life expectancy tor any FUNCTIONAL TESTS 


given product, laboratory controlled testing is the first Evaluation of actin rv \ 
step. The tests should provide complete data on the tors cannot be don 
qualitative and quantitative demands the product) will + Be cane By t t 
make on its package lhe tests should be so devised Sigg oto anne te og ‘ 
that the results obtained correlate with those found oe ie auiasts teat in. ay aost 
when the product is exposed to the conditions encoun ugh. prepared ie attention t 
tered during the distribution and merchandising of the temperatur nd mixing tin 
product. Unfortunately, accelerated package studies maton , “fh, a 
tood products yield only relative intormation, since it : 
impossible to predict iccurately the shelf lite expectam \ ir. tl gas expelled a 
in the field on the basis ot accelerated laboratory tests rolls ar the dough replac 
alone ible a ar 
Discussion of the problems encountered in detet ie e a 
mining the life expectancy of food products will be neo rie ln ‘oad aaeciaiian 
limited to a consideration of the tactors applicable tynes of hakery doughs such as bs 
active dry veast his was selected as illustrative ma ( lete bak tests i 
terial for a discussion of methods since this rathet the yeast ~ t 
unique food, although a dry product, is viable, and 1: , , Sage ne ‘ 
order to preserve the functional activity of the product, stl, ies meal aii i sage eo 
the viability of the cells must be maintained he index of failure ich is 1 
In considering t! problems pertinent to the shelf lit t tiv rv v t 
of active drv veast. let us first consider its nature and y the pur t tect 
how it differs from the more tamiliar compressed bakers \ a rt cae sae 
veast or the foil wrapped veast cake. Essentially, 1t is is ail salt ta adie ote 
dehydrated veast containing about 92% drv matter and ld permit 
8% moisture, as compared to the 30‘ dry matter and ny irbitrary standar 
70% moisture in ordinary compressed yeast \t least —_— ' 
85% ol the cells 1! iclive dr\ yeast are alive Effect of Moisture 
\ctive dry veast does not represent a state of sus , , ;' 

\S mentioned in the introduct - 
pended animatiot lhe veast is respiring slowly and hare ; or 
invthing which decreases the rate of respiration wit Sens ges Is 

sture « res 1s ustrated rig 

Presented at \ M ¢ FT, N © elect on the st e act 
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in nitrogen containing various percentages of oxygen. 
The increase in the punch times of the dry yeast changed 
more rapidly as the percentage of oxygen increased 
beyond 5%. The effect of oxygen is further illustrated 
in Figure 4, which shows the effect of storing active 
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Figure 4. Effect of oxygen and nitrogen packaging on the 
stability of active dry yeast. 


dry yeast in air and in nitrogen under conditions which 
did not permit of any change in moisture content. The 
samples packaged in air deteriorated very rapidly, while 
those packaged in nitrogen deteriorated slowly for the 
first three months, then gradually increased in rate of 
deterioration. These observations were first reported 
by Atkin, Kirby, and Frey (2). The same results were 
confirmed later by Oyaas, Johnson and Peterson (9) 
who also found that packaging of active dry yeast in 
carbon dioxide, nitrogen, or vacuum, improved its 
stability when stored at 98.6° F. (37° C.). 


Effect of Temperature 


Che third important factor affecting the stability of 
active dry yeast is temperature. Typical results are 
shown in Figure 5. It is seen that temperatures of 
100° F. (38° C.), or higher, rapidly weaken the yeast, 
so that exposure to these temperatures for any length 


of time should be avoided. Even at refrigerator tem 
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Figure 5. Effect of temperature and time of storage on the 
stability of active dry yeast packaged in nitrogen. 


peratures, shown by the 40° F. (4.5° ( urve, active 
dry yeast slowly deteriorates, but after 7 months of 
refrigeration it is still acceptable 














\nother important consideration in regard to ten 
perature is the fact that its effect is more a matter of th 
maximum temperature attained than it is of a give 
average temperature of storage. In other words, if g 
yeast is exposed for a short period to relatively hig} 
temperatures of 100° to 120° F. (38° to 49° C.), ang 
then brought down to a lower temperature, the effect 
the performance of the yeast is greater than that 
exposure to the average of these 2 temperatures over 
the same period of time. This is illustrated in Figure ¢ 
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Figure 6. Effect of alternating temperatures on the storage 
stability of active dry yeast. 


which shows the effect when nitrogen and va 

packed samples of active dry yeast were stored at 86° | 
(30° C.), constant temperature, and at an average tem- 
perature of 88.5° F., produced by alternate 12-hour 
cycles of 77° F. (25° C.) and 100° F. (38° ¢ Phe 
slight discrepancy in average temperature will not cause 


this difference. 
From the data presented on the packaging 


teristics, it is evident that active dry veast should | 
packaged in an inert gas such as nitrogen, or in vacuu 
in moisture proof, gas-tight containers, and protected 


from elevated temperatures. 


TESTS ON PACKAGING MATERIALS 


\fter the packaging characteristics of the product 


have been determined, the next step is the testing 
potential packaging materials 

\ substantial quantity of active dry yeast is used | 
the Army where compressed yeast is not available. For 
this purpose the yeast is packed in ti : de 
vacuum. 

\ principal use of active dry yeast is in the housel 
where it replaces the familiar small cakes nipresse 
veast. It is desirable that each unit packagt t 
dry yeast be equivalent to 1 cake of compressed yeast 
so that the usual baking recipes will not listurbed 
Small flat pouches of flexible material are used as t 
unit package because of ease of handling | because 
machines are available for this type of packag« 





STIMATIN( HE STAB D . 223 


The 21 t portant properties of a packaging ! ' ana wat thdrawn | 


yy means of a 
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terial for ust ictive | east are its moisture vapor i I 2 t ced through a serum 


- _ . bilits tt pper t nt inalysis apparatus, such 


issiol 1 its oy en permeabi 
the Beckman oxygen 
ig@netic properties of 
ts 2 pro ne tor relatiy um Ol OVUe, and at nd was d by Pa g, Wood. and Sturdivant 
r tor ties near 9" In using the trument either the hypodermic 


' techniau t Orsat method, or a low vacuum 
' \ f this has also been pub l is used. 7 tter method more rapid but less pre- 
w DD t t] t) ringe method the gas is 
t t £ y manutactu s and users t by hy rit er liquid to prevent atmos- 
General | Moisturs taminatiot introd nto the oxygen analyzer 
, l The met brief serum b newly introduced sample 
t ght of a dis taining t t sample. the instrument cell volume 
t whi sheet « ng approximat l. ca ty, and the analyzer reads the 
meat f os re 90% relative iil +] 

‘ f R” ¢ t le vat f t t} vpodermic needle is attached 
the det ition of tubir n analyzer. The other 

en oof eee mploy a pressure gradient 


ne is nected t unometer and a mercury column and 
the test met thers are isostati The flexible linge bull \ tcl f rubber is cemented to the 


t ive an internal pressuré , so t ikage around the needle 
t essure, so that isostati n it tl itch into the package. The 
ickag ateria igh the patch and the 


from the package into 
librium is reached, the 
ecord tt ressure in tl 


e system and the 

Hig xygen values indicate 
ickaging leal the package. Failure of the 
naterial, and e amout nometer t i licates a leak. It is con 


swept out with a stream t f t ger librated in partial pres- 
e. 7] carl ioxide t t from these 2 readings 
and the v lecte ble t te t oxygen in the gas. 
‘ ‘ — A Sle 
t re LABORATORY AND FIELD STORAGE TESTS 
antete. ’ sote 4 hy 
w OXY rs ner biliti kinds of | tor torage tests were conducted. In 
. SR Png! tile ET BR f these tl ract tics of the active dry yeast 
ng tionne o Ms , i re measur f t packaging material. These 
Coless wines tame tae torage test th 1 seal d, spherical shaped 
flasks or wit th gasketed metal caps in 
bell Vi ling t \ir in the container was 
c ermeabilities to moisture by e ting t t then admitting nitrogen or 
Fel t lesiral t t the packaging material tne rt ga ‘ ging was used in those 
re ay, = he: : " t the failure of the pack- 
on pou = ote ' Pere ¥ material the case of extended 
{ f { iT] runs QUuICKI' rag tv 
< f ter ; ‘ 


wing 1 ia { second t test, 1 is stored in the type 
son special machiners { kaging 1 { test ese materials included 
oe See ; reese | treated paper 

ee ee raspy val : g packets, were stored in 
ctr yea ntional lal the active dry yeast was 
oil. and papet ifter stor neth of time. For tests 
humidity, an Aminco 
ts of a humidity and 
Tests on Sealed Packages rates _ er ted to a storage cabinet. 


a ee ee er F shan martearh aonsl » set I ter and ty mtrols were installed 
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, ee ee mposite of ty for 7 Fk. (245° C.) and 90% 


0 rt the lati ( the 
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p Figure 7 It is seen 
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Figure 7. Comparison of laboratory and field storage tests 
of active dry yeast 


retained fermenting speed until the warmer months of 


were reached, at which 


the spring and early summer 
time, as would be expected from the laboratory tests, 
they lost fermenting speed. Thus, even though active 


dry yeast is properly packaged, it requires care in 
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handling and distribution to have it reach the consumer 


in good condition. The data shown in Figure 7 again 


indicate the advantage of packaging in nitrogen 


SUMMARY 


Data have been presented showing the 
v 


used in establishing the life 
These techniques include functional tests on bot! 


expectancy of active dry 


veast 
hese tecl 


packaging materials and on the product 


niques can be applied to almost any food product 


It is first necessary to determine the factors whicl 
affect the product. In the case of active dry veast, the 


factors aré exposure 


3 most important 
temperature 
selected which will give ade 


and then the produ 


oxygen, and hig! 
packaging materials are 


quate protection against moisture, 


techniques 


to motsture, 


Knowing these factors, 
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is packaged in an inert gas to prevent 1 lelet 
eftects of oxygen. 

\lthough the methods and data presented t 
paper have been limited to a consideratior uctive 


yeast, the following general procedure may be 


for estimating the stability of any good product 
From a consideration of the product, it should 
possible to determine the factors whic! nfluence it 
stability \fter selection of a metho means 
evaluating deterioration, laboratory me ent of tl 
packaging characteristics of the product should 
made. On the basis of these findings, suitable packaging 
material can be selected to give the necessat tecti 
In making these selections laboratory test 
iumportance because they can be performed unde 
trolled and reproducible conditions. H ( 
evaluation ot the stability of the produ t be 
with the aid of actual field tests 
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Effect of Antibiotics in Retardine the Growth of Micrococcus 
pyogenes var. aureus in Custard Fillings 
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Of the antibiotics employed, only subtilin demon- 
strated a 2-fold effectiveness of controlling both the 
general heat-resistant spoilage flora in custard fillings 
and the food-poisoning micrococci that were experi- 
mentally added to these fillings. The combination of 
terramycin with subtilin resulted in very good pre- 
servative control. Aureomycin and terramycin used 
independently in trace amounts were very effective 
against the pathogenic food-poisoning micrococci but 
not against the heat-resistant spoilage flora. Penicil- 
lin was less effective than either aureomycin or terra- 
mycin against the pathogenic organisms and showed 


sporicidal activity. Bacitracin, chloro- 


very slight 


} ¢ 
fa im ie 


December 20, 1951 
mycetin, and streptomycin were valueless the con 
centrations used. 
Custard pastry fillings ofte ( 
utbreaks of food poisoning 
toxin-producing strains of M 
1reus are often found to be the res} g S 
producing the toxins in these products 
these food-poisoning micrococct s 
that custard-hilled baked goods be 
: ; 
indled under rigidly sanitary conditions 
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ed goods, there are ngs 7 ’ ed food-poisoning 
neo ‘ owt 
a W ‘ . EXPERIMENTAI 
rss ni Physiological Characteristics of Test Organisms 
s there is Ss persona 
; ir strait nes var. aureus 
ryl this experimental 
The | teristics of these strains 
ere lave hee? numet 11< : 
1 Micl shown 1 fermentation media 
Bol nutrient ¢ re r in composition and 
54 hnrer J bur 2 
paration to t ribe vans (12) and Evans 
- Cameron and ons ' 
J ge Nivel ed these data (Table 1) it 
Southcott, bissett . 
Shy agg fhees to s the 4 st s fall into a rather 
Dell ' ior instance 
; geneous g1 | it te that they could pro- 
e preservation of canned Paci 
1 | ‘ I 
Sp iv’¢ iT ‘ pre Ser 
: £ casheslee na Procedures 
SUCCESS OT SUD itl i ‘ 
edd Which: _ ' g f is used in this work 
"ise ‘ak ffer f Catheart, Merz, and 
— OF Oe very oe titut it dry milk solids for 
{ mie I Bol ret . 
estig | NS \\ t subty , 
Ounces 
thes ther anti 
sed iS ] ~ + + 1té Toor Z 
rr. Southcott, and Bis : 
. . 4 
terramycin tf e eer ye 
t y ter t iture stor » 
( T Ff t ] davs - x 
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veak preservatiot nt reli t rtions of the prepared 


a aan tes] rd filling t into small wide-mouth 
all i su lilt] Was 


(outer diameter of 
t t ppr mat bottles containing the 
( stard-filled I t and then autoclaved at 
interest to see how g. tor ] \ ft g, measured amounts of 
pant. me micrecocci t t neentrates were added 
4, : ‘s bs cy retu 1 t inder asept conditions 
Ty ” 7 eee ~~ remaining pt test organisms and subse- 
t¢ perature whic! t t " tially the same as that 

t \ Tew ewN 
1, £ 4] a: t from Dr. H. S. Olcott 
: cs ae , t t ratory, Albany, Califor- 
t ics ust at Was t ed from commercial 

TABLE 
haracteristics of test organisms (Micrococcus 2 ureu 
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Iryptone Glu Extract Agar Difco Vas use ith t 
autoclaved filling is the st ird plating mediun In lat 
experiments the fill t autoclaved and Staphvlo 
Medium N 110 (D va ed wit [ryptone Gl 
Extract Agar 

lr} pr ced y tered wit tl ton ve 
filling Phe antihtot ry-mixed wit cornstal 
ingredient so that the be added during the normal prey 
ration of the custard f r By varving the amount of ( 
starch plus antibiot: pure rnstarch during the prepart 
tion of the filling, t t mount of antibiotic could rea 
be maintained in the filling without altering the cornstar S 
per formula hes ngs were not autoclaved, but the small 
wide-mouth sampling bott were sterilized before filling at 
all transferring was done under aseptic conditions | test 
organisms were added to the sample bottles ntaining t 
mally prepared cool fillings. With this met 1 of preparatior 
eacl ntibioti vas biected t heat as the mixture contan £ 
the antibiotic w br t a boil and held ther for ln t 
before cooling 

The coagulase tests sl n in Table 4 were pertormed | 
taking a small | f f tl ling (about '@ inch in diamet 
and emulsifying it wit 1.25 ml. of Brain Heart Infusion Brot 
( Ditco) lo this emulsion 0.5 ml. of fresh rabbit plasma was 
ulded, mixed t ! f I ncubated at 98.6° I (37° ( 
Similar coagula test | vere conducted sing (Bact 

desiccated ce i | 

lhroughout t t mts ma vit 
the aid of a ¢ I cula vide-held microscope uw 
bot! 7 and 15 mag cat e colomies were caretu 
examined t sce tT t t rmed morphologically to t 
colony type ot the strat ed urther examinations were ma 
by preparing staine mears 01 slide and examining the cells 
at 1000 Th gulase test was also utitlized n hecking 
these colonies 

RESULTS 

lhe results of the preliminary experiments with aut 
claved fillings, listed in Table 2, show that trace amounts 
ol aureomvecin and terranivecin (0.0 p.p.m to ] U p.p.m 
were most effective against 1/ mreus during a 24-hour 


incubation of the fillings at 98.6° F. (3 


TABLE 2 
Effect of several antibiotics against Micrococcus pyogene 


var. aureus in autoclaved custard fillings 
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TABLE 

t of several antibiotics against Micrococcus pyogenes var. aureus in n autoclaved custard fillings 
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TABLE 4 
Prolonged effect of subtilin against Micrococcus pyogenes var. aureus and contaminants in non-autoclaved custard fillings 


() ) ) ‘) s t 
Ant ‘ . » id 
, 
Subt RI | j 
Subt YRRL-I 
Sobe NRRL. . 
Subtilir Q 
Subt 
Subtiliu NRRL.-B-678 ( 
Solbe RR R 
Sul 7 ( 
Subt 7 
Subt $ 
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Subtilir 
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Nor Control NRRL-B-678 63 189 
None (Control) NRRL-B t f +8 
Not Cont 7 6 
Not Control { RR 
Nor Control ” Dhe 
(oa test: NT t N t I 

} heat W , 

h } is 


.p.m.) was verv ettective against controlling the growth 
~ nn nn 


of M. aureus and also preventing spoilage of the filling 
It is the authors’ view that the antibiotic effect of 
subtilin might be more pronounced in custard fillings 
when stored under average room temperature condi 
tions. In this particular report we were interested in 
testing the effects of subtilin and the other antibiotics 
under temperature conditions which most favored the 
normal heat-resistant flora and the experimentally added 
VM. aureus organisms. Under average room temperaturs 
storage it 1s believed that the addition of 100 p.p.m 
70% potency subtilin to a custard filling will retard the 


; 


growth of food-poisoning micrococci and heat-resistant 
spoilage organisms normally present in a filling for a 
period of 3 days. A stronger preservative effect may 
be obtained by incorporating a small amount (1.0 p.p.m 
of terramycin or aureomycin along with 100 p.p.m. of 
70% potency subtilin 

It is not known what effect the storage of fillings at 
98.6° F. (37° C.) had on the subtilin potency. Bohret 
(4) found that the loss of subtilin potency was more 


pronounced at 131° F. (55° C.) than at 98.6° F 


> hers 1 


(37° C.). Consequently future work with this anti 


bation time as show: 
: - 
N.1 . 
N 
. N 
N.1 
= 
N.1 
N.1 S 
No . 
N ~ 
biotic in custard fillings will also inclu g 
issav to determine the probable loss in potency durit 
storage 
SUMMARY 
[he growth of food-poisoning st1 
yenes var. aureus in custard fillir ted 
98.0" F. (37° C.) was retarded for 48 t 2 urs 
the addition of 100 p.p.m. of 70% poter 
the filling. Spoilage caused by the tur he 
resistant flora of the filling was also retat r 48 
72 hours under the same conditions t 
entration of subtilin \ greater preserving eff 
against both the pathogenic and 1 
ganisms was obtained when 1.0 p.p.m 
combined with 100 p.p.m. of 70% 
the filling 
Small amounts of aureomvcit 
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VW ireus organisms in a custard ling 
lemonstrate any control against the non-pathoget 


heat-resistant flora responsible for sp: 


vas less effective against \/. aureus tl 


vein or terramycin and showed ver 





USE 


OF ANTIBIOTICS 


f i (ss i) 
etl ( st 
P ' 
ns used ‘ 
‘ a 
é if I~ { } 4 ( 
| 
( aatt } ' 
| 
é e the ¢ 
a the ¢ < ; 
S é 
‘ “a ‘ 2 
' 
r ted 
{ Vi 
; rts 


IN CUSTARD FILLINGS 


2790 


f foods with 


1 mild heat 
subtilin on bac 
subtilin Nat 


studies on the 


Canners’ 
ods P roe tom 


ition with anti 
5 40 (1951) 


Growth of 


| Staphylococci and 


custards 
tbreaks from 


Chicago Press, 


to the 


reference 


M. Coscrove, R., 
I Vessey, R. E 


of duomycin 
ics to food 


Pharmacology of terra 
Set 53, 38 


Effect of 
g bacterial 
Car Progress Repts 

ct of subtilin on 
16 47 (1951) 


xicity studies on 


Preparation of Full-Flavored Apple Juice with Increased 


The use 


resistance of 


been investigated. A 


exchange resi 


agegree of ré 


; 


only 6 volumes 


demineralized 
flavor by th 
ity are also 
fermentation 
tile flavor 
sequently 
ment of the 


n 


a 


resistance 


returned to 


r] 


SU 


ion-exchange 


apple juice 


alone has be 


istance to fe 
of juice per 


There is 


treatment, and 


ffected. A 


the 7 
gar content ; 


onsiderable 


full-flavored 
can be prepared if the 
emoved before 


Resistance to Fermentation 


resins for increasing the 


towards fermentation has 
passage through a cation 


en found to confer a high 
provided that 
resin bed are { 


rmentation 

volume of 
volatile 
acid- 
high 


vola 


loss of 
and 
juice of 


sugar content 


demineralization and sub 
uice after suitable adjust t 


ind acidity 


lelaved by addition of 
the high dosage re 
ite and the delicate 
irred 

found that apple 
against fermentation 


esins. After passage 
a column of Zeo- 
De-Acidite B and 
Zeo-karb HI, the ash 
to 1% of its original 
1.2 mg. per 100 ml. 

| juice. Storage 
juice at labe ratory 
septic precautions 
ter 4 weeks compared 
fermented within 

in the total nitro- 
ccount for the in 


gnificance was also 








230 





attributed to the reduction in total phosphate, calcium, 
and magnesium of the treated juice as revealed by 
spectrographic analysis 

In view of the importance of delaying the onset of 
fermentation in pasteurized apple juice after the bottles 
have been opened and the contents partially consumed, 
Challinor, Kieser, and Pollard’s results might be antici 
pated to be of significant value in providing a solution 
to this problem. Their paper provides no data, however, 
concerning the quantities of resin required to prepare 
juices of lngh stability and also fails to comment on thi 
organoleptic properties of the deionized juices. These 
points require careful investigation betore consideration 
can be given to utilizing demineralization for the com 
mercial production of apple juice of high fermentation 
resistance \ccordingly, we have studied Challinor, 
Kieser, and Pollard’s technique with the above objects 
in mind and present the results of our own investigation 
in this paper 

METHODS 


lt was not our intention at this stage to investigate the 
relative importance of the trace elements presents in 
apple juice that are essential for the growth of micro 
organisms. ur attention was confined to: 1, examin 
ing whether a simple control test could be devised for 
indicating when demineralization had been carried out 
to an extent sufficient to confer stability upon the juice 
2, investigating whether cation removal alone would 
suffice without the subsequent necessity of removal of 
anions; and 3, observing the effect of demineralization 
upon the flavor of the juice 

Charley (4) has shown that fermentation in cidet 
can be checked if the fermenting juice is centrifuged 
after the specific gravity has fallen several degrees and 
there is a pronounced decrease in the nitrogen content 
of the centrifuged juice. Challinor and Burroughs (2) 
demonstrated that fermentation can only be checked by 
this method after utilization of the readily assimilabl 
nitrogen by the yeast is complete, although this did not 
enttirely explain the reason for retardation of fermen 
tation 

Much of the nitrogen in apple juice is undoubtedly 
present in the form of basic amino nitrogen which should 
be capable of removal by resins of the cation-exchange 
type possessing a strongly acidic nature such as Zeo-karb 
215. Engliss and Fiess (5) showed that all amino acids 
are taken up through the amino group when their solu 
tions are passed through a resin of this type. On the 
other hand, anion-exchange materials only absorb the 
acidic amino acids, neutral and basic amino acids pass 
| 1 


mnyved 


~ 


ing through um 
Examination of Challinor, Kieser, and Pollard’s re 
sults indicates that the cationic and anionic constituents 
were removed from the juice to a far greater extent than 
the total nitr gen It appeared, therefore, that estima 
tion of total nitrogen content by a micro-Kyjeldahl 


method would prove a reliable guide to the efficiency of 
demineralization by ion-exchange resins. Accordingly, 
throughout our investigations we have used total nitro 
gen content as a control method for checking the 


efficiency of demineralization. We then wished to deter 
mine whether 3-stage demineralization as used by 





FOOD TECHNOLOGY 


Challinor, Kieser, and Pollard, could 
single stage treatment through a cati 
the anion exchange 


determine the extent to which its preset 
of cations might impair the stability « 


Demineralization. 


maintained full « 


at original concentration at 


ntact between juice 
1 our preliminary experiment 


diameter, a method u 
finely-divided resi 


Demineralization apparatus. 
120-mesh stainless steel 


stronger coarse 





















































Demineralization apparatus 
r 





— — 231 


1 


the actual con 
subjected when 
il of the bottle 
nee infection and 


nsumed, the seal 


fore, after pas- 
late them with a 
ure, and then fill 
nt filling heights, 

vere then closed 
ited quantities of 
f 7 fluid-ounce 


rom a vigorous 

gy slices of fresh 

RESULTS el i1 sms were removed 
ae to entrifus then suspended in 

, inoculation of 

15 , mate lhe bottled juices 
temperature for 

ned for alcohol 

le wee or eT t ‘ 1 ind vas pressure 
ble 2. All of the 

; ine, that re treatment were drawn 
Ty the e st treated juice. The 
De-Acidite E was 
original sugar 


oe] } r 100 ml. and 11.55 
¢ vt ‘)} 
rABLE 1 uable criterion ot 
Proportions of Zeo-kart ind De-Acidite E required mICie! fF EEPrOving the 
lemineraliza f apple juice t the nt t lice with a nitro 


was fermenting 

the juice with a 

per 100 ml. had 

$1 days and the 

small to measure 

te stabilizing effect on 
( tent than that of Zeo 


ultiplication to 1n- 
ttle as substantiated 
and decrease in 
iccompanied by 
itrogen content 
cells showed dis- 
nd irregular cell 
ition and autoly 


ndication of the 


ies of ICES and 

9 . ssl, e the fermentation 
e high 

igh proportion 


th Zeo-karb 215 


Stability of de-ionized juices. atch ( ty to apple juice with 


215 Effect of demineralization on flavor. We found that 
st most of their 

White (9) has 

- e that the volatile 


92% alcohols. 


ters, and consti- 











23? FOOD 


TABLE 


TECHNOLOGY, JUNE 





1952 


> 


Relation between nitrogen content and rate of fermentation of apple juice 


sted j Zeo-k 
N n g. N 
I) I Days I 
Total sugars, « 8 ¢ 
Aleohol, “> v./v¥ 4 
Yeasts per ml x 5 
tt) 
22 pes aoa | & a8 , 
Ak \ 4 be ; ( 
Yeast Max 
tt) 
Pot ) 
Alcot l $ é r 
Yeasts per 1 Max.| Max Max 
COs p.s.i.g bs l 
Total sugars, ¢ ; r . g 
Alcohol, % v + |e r 
Yeasts per ml M 
COs 1 x 8 ; 
© The sien t to measure 
Max res than the max r 
tutes a total concentration in the original juice of 
approximately 50 p.p.m. Presumably these components 
are removed by adsorption when apple juice is de 
mineralized, for we found it possible to recover a little 
of the flavor by elutriation of the resin bed with dis 
tilled water. The amount recovered was, however, 1n 
sufficiently intense when returned to the juice to render 
the latter palatable even after reduction of the acidity to 
its original value 
Loss of flavor from juice demineralized by Zeo-karb 
215 is shown in Table 3. For the purpose of this experi 
ment, juice was demineralized through beds of Zeo 
karb 215 of varying depth in columns 3 cm. in diameter 
Dilution effects were minimized and adequate contact 
between resin and juice was ensured by filling the 
columns with a portion of the juice before addition of 
the resin. The proportion of resin to juice was 150 g 
(on dry weight) resin to each liter of juice treated 
Che pH, specific gravity, total reducing sugar, volatile 
flavor fraction [determined as ester content by the 
method of Challinor and Burroughs (7)], and nitrogen 
content of each batch of demineralized juice were esti 
mated and compared with the original analyses of the 
untreated juice Increased column depth resulted in 
increased overall efficiency of the resin bed. This had 
an adverse effect on the flavor, for both volatile flavor 
fraction (ester content) and sugar were reduced 11 
quantity, and there was a pronounced increase 1n acidity 
as reflected in the change in pH value. Over 25% of the 
original sugar and approximately 85% of the esters 
were removed in the 64.0 cm. column and together 
with the increase in acidity, this constituted a very seri 
ous impairment flavor which was confirmed by 
irganole ptic tests 
TABLE 
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Volume of ju Dry res Depth of bed pH s 
trent 
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Retention of flavor in demineralized juice. 
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removal of esters and sugars from apple juice 
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With this aratus, 2400 ml. of flavor concentrate 
vere obtained from 19,440 ml. of juice lhe flavor con 
entrate alone was then re-circulated through the 
pparatus to give a final vield of 250 ml. The stripped 
t was restored to its original volume of 19,440 ml 
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pleted of essential nutrients. Throughout this period 
nN 


or apart from a slight 


there was no impairment of fla 
ss in sweetness 

In the bottles which were only partially full, fermen- 
s later with production of alcohol 


nd carbon dioxide. The carbon dioxide in the 34-full 


‘ 


tatior developed + day 


bottles was insufficient to register on the pressure gauge 
employed. There was a heavy yeast sediment in all the 

xygen in the full bottles would 
acount for the absence of alcoholic fermentation. Loss 
no doubt due to utilization 
the veast for its survival under conditions of re- 


bottles, but lack of 


, 
sugar in these samples was 


TABLE 4 
Stability of reconstituted deionized apple juice of pH 2.2 
and containing 1.51 mg. nitrogen per 100 ml. 


Inoculated, analyzed 
after 74 days 


%-full ly-full 

1.041 1.040 

Sugar, g. p ™ 8.73 8.37 
2.5 3.5 
1.5 4.0 
2.5 


DISCUSSION 


We have shown that it is possible to produce a full- 
flavored apple juice possessing high resistance towards 
fermentation. The ngle-stage demineralization treat- 

ent advocated by us would involve a much lower 
ipital outlay than that required for a 3-stage installa- 
luding | lumn of anion-exchange resin. The 


tal nitrogen content of the treated juice can provide 
useful criterion to the efficiency of demineralization, 

er research will be required be- 
re adoption of the process for commercial usage can 

mplated. Some rieties of juice may require 
gher proportion of resin than that 
depending on the concen- 
trace elements which are 
essential yeast nutrients. Special precautions must be 


periments 


rations of cation f those 


taken so that the nineralized juice will not acquire 
idditional trace elements after treatment. Adequate 
leansing of juice receptacles and containers is essential 
| ddition to providing a means for delaying onset 
entat ipple juice of natural strength, the 
cess also offers possibilities for the stabilization of 
pple juice syruy r dilution and carbonation. It may 
sible t mit the addition of pre- 
tive this nature. It is considered that 
rther investigat may establish an important role 

Sl mioralinnd n apple juice processing. 

SUMMARY 

e met! suggested by Challinor, Kieser, and Pol- 
reasing the resistance of apple juice to fer- 
tat t n-exchange resins has 
vestigate t has been found that cation removal 
ne imparts gh degree of stability to the juice, and 
lete the total nitrogen content 


good i1 tion of the efficiency of the treatment. 








~* 


Demineralization involves some loss of sugar and also 
seriously impairs the flavor. A high proportion of the 
natural flavor appears to be removed by adsorption on 
the resin bed and cannot be recovered. Loss of flavor 
may be avoided if the volatile flavor fraction of the juice 
is removed by “flash heating” and concentration before 
submitting the juice to demineralization. The flavor 
fraction may subsequently be returned to the demin- 
eralized juice, together with additional sugar after 
restoration of the acidity to its original value to yield a 
full-Aavored juice of attractive character with high re- 


sistance to fermentation 
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STATISTICAL Metiiops FoR Cuemists. By W. J 


YoupeNn. 126 pages, John Wiley and Sons, New York, 


N. Y. 1951. Price $3.00 

\ttractively bound and well printed on good paper, 
this book fulfills the promise of its title. The ten chap 
ter headings are: Precision and Accuracy, Measurement 
of Precision, Comparison of Averages, Resolution of 
Errors, Statistics of the Straight Line, Analysis of 
Variance, Interaction between Factors, Requirements 
for Data, Arrangements for Improving Precision, Ex 
periments with Several Factors. An appendix contains 
a useful set of mathematical tables. The index is small, 
poorly prepared, and might well have been omitted or 
combined with the table of contents. 

This is no textbook on statistics, but a thoughtful 
treatise for the mature chemist who wishes to express 
his experimental findings in statistical language. The 
chemist will find no mention of such topics as large 
number theory, and no derivation of equations of in- 
terest only to the professional statistician. Instead, the 
author has addressed himself to the specific audience of 
those who make measurements and interpret data. In 
the twenty practical examples, the reader is shown how 
experiments can be planned, and results expressed 
statistically. The food chemist might wish that at least 
one of these examples dealt with biochemistry or food 
technology. Many chemists may feel with Dr. David M 
Bonner, the current recipient of the Eli Lilly Award, 
“If you design your experiments properly, you don't 
need a statistical analysis to prove your results.” Dr 
Youden meets this criticism squarely by devoting four 
of his ten chapters to the design of experiments. The 
whole book is imbued with the idea of previous planning 
to anticipate possible interactions between experimental 
factors. G. L. Mack 
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Review 


Taste Wines. By M. A. Amerine and M. A. Joslyt 
397 pages, 38 tables and 33 figures. University of Cali 
fornia Press, Berkeley, California, 1951. Price $4.50 

This volume is the successor to two previous publica 
tions of the University of California: Agricultura 
Extension Service Circular 8&8,” Elements of Win 
Making,” by M. A. Joslyn and W. V. Cruess, and Agr 
cultural Experiment Station Bulletin 639," Commercia 
Production of Table Wines,” by M. A. Amerine am 
M. A. Joslyn. While material from these publication 
has been freely drawn upon, much new information has 
been added. The book has little resemblance, both | 
appearance and arrangement, to its precedents 

The book is based on investigations of table wines 
since the repeal of prohibition in the University of Cal 
fornia divisions of food technology and viticulture; o 
the authors’ observations of the wine industry; and a 
their review of the literature 

Four major parts are presented in the book 

1. The design and construction of the winery, its equipment 
and sanitation problems are thoroughly discussed in the firs 


part. A schematic floor plan of a winery handling about 10 
200,000 gallon 


tons of grapes a year with a storage capacity 


is presented. Several large pictures showing the winery 
struction and equipment are included in this part 

2. The second part of hte book recommends the proper pr 
cedures for making various types of table wines from harvesting 


the grapes to finishing the new wines. Detaile 
making dry red wines, dry pink wines, dry white wines, swet 


table wines, sparkling and carbonated wines are carefull 
described. 

3. The third part of the book is devoted to the preparation 
wines for market. It consists of finishing, analyzing, discussiom 


of diseased wines, and the timely subject of winery by-product 


Much of the materials presented in this part are the origina 
works of the authors and their associates 

4. The last part of the book is more or less “academic.” 
consists of the technological principles of producing table wines 
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Notes and Letters 


Electronic Egg Grading 


Electronic egg grading originated in 1937 in my 
laboratory at Cornell University as an incidental out- 
come of experimental work on the detection of fertility 
in intact fresh eggs (2, 3). Observations revealed a high 
variability in the radio-frequency conductivity of indi- 
vidual eggs and a consistent increase in their conduc- 
tivity as they aged. It became apparent that the elec- 
tronic method, if mechanically improved, could be a 
useful tool for evaluating the internal quality of eggs 
(1,4). 

The chief requirement was to provide automatic com- 
pensation for variations in the size of the egg, since 
power absorption in the egg coil is in direct relationship 
to the mass of the egg. In the latest models of the in- 
strument, this handicap has been overcome, as shown 
by the accompanying scatter diagram of conductivity 
readings on fresh eggs of various weights (Figure 1). 
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WEIGHT OF FRESH CHICKEN EGGS (crams) 


Figure 1. Scatter in conductivity readings (at frequency 
of 65 megacycles) of 481 fresh intact eggs of various weights. 
It was observed (1,4) that eggs of highest readings are more 
perishable in storage than eggs of lowest readings. 


The instruments are so sensitive, however, that any 
slight disturbance of the egg coil or other parts of the 
circuit (as by inadvertent jarring, etc.) may produce 
relationship changes which displace the reference point 
and/or cause the weight and shape of the egg to influ- 
ence conductivity values very markedly. Therefore, it 
is still possible to obtain inconclusive results, if the 
delicacy of the instrument is not appreciated. 

Changes in the conductivity readings of stored or 
aging eggs are consistent with simultaneous changes in 
other values, such as the opened-egg score and albumen 
index (Figure 2), as well as weight loss and increase 
in air-cell size. In deteriorating eggs, the correlation 
between conductivity and the condition of the albumen 
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TiME OF HOLDING AT 375°C. (oars) 


Figure 2. Relationship of conductivity readings to the 
opened-egg score and albumen index in intact eggs held at 
37.5° C. Solid dots represent Cornell University unpublished 
data, and circles represent data from the U. S. Bureau of Ani- 
mal Industry, Beltsville, Md. (personal communication). 


appears to be especially close. The trend in the con- 
ductivity readings of aging eggs is of such magnitude 
that it is apparent even if the instrument is slightly out 
of adjustment. 

The electronic method of egg grading represents an 
attempt to make a practical application of a physical 
principle. The soundness of all aspects of the method 
has not yet been completely established; on the other 
hand, there is considerable evidence to indicate a cor- 
relation between the egg’s conductivity and its internal 
quality and future perishability (7, 4). Comparisons 
of the results of the electronic evaluation of eggs with 
results obtained by currently used methods are subject 
to various interpretations, especially since some of the 
standard procedures have definite limitations (5). 


Acexis L. ROMANOFF 
Agricultural Experiment Station 
Cornell University 

Ithaca, New York 


April 24, 1952. 


LITERATURE CITED 


1. Romanorr, A. L. Evaluation of future perishability of intact fresh 
eggs by radio-frequency conductivity. Food Research, 14, 310 
(1949). 

2. Romanorr, A. L., ann Cortrert, C. L. Fertility study of fresh eggs 
by radio frequency conductivity and dielectric effect. Proc. Soe. 
Exp. Biol. Med., 42, 298 (1939). 

3. Romanorr, A. L., ann Frank, K. High frequency conductivity and 
dielectric effect of fresh fertile and infertile hens’ eggs. Proc. Soe. 
Exp. Biol. Med., 47, 527 (1941). 

4. Romanorr, A. L., ann Hatt, G. O. Influence of temperature o 
changes in storage eggs as measured by radio-frequency com 
ductivity. Food Research, 9, 218 (1944). 

. Romanorr, A. L., ann Romanorr, A. J. The Avian Egg. 194%, 
John Wiley & Sons, New York, N. Y. 


wa 





if 
hav 
tisst 
pro 
per 
a. 
suffi 
type 
b. 
pene 
orge 
teri 
¢. 
flave 
of e; 
food 
used 
lowe 
d. 
saril 
the { 
e. 
also 
a hi 
degr 
quire 
W 
to tl 
duce 


*C 








Biochemical Prevention of Flavor and Chemical Changes in Foods 
and Tissues Sterilized by Ionizing Radiations*” 


BERNARD E. PROCTOR, SAMUEL A. GOLDBLITH, CHARLES J. BATES, 
AND OLIVIA A. HAMMERLE 


Department of Food Technology, Massachusetts Institute of Technology, Cambridge, Mass. 


(Manuscript received April 29, 1952) 


When ionizing radiations are used to sterilize foods 
and tissues, side-effects are produced that cause 
changes in their flavor and color and sometimes their 
texture. Irradiation of these materials in inert at- 
mospheres or in vacuo and especially in the frozen 
state minimizes but does not prevent such changes. 

A biochemical approach having potentialities for 
prevention of off-flavor and other undesirable chemi- 
cal changes in foods and tissues is described. This 
approach is based on a theoretical analysis of the 
radiochemical phenomena occurring in the reaction of 
ionizing radiations with water and on experimental 
data obtained in cathode-ray studies with certain 
compounds in aqueous solutions. 

The undesirable effects resulting from radiation 
sterilization are ascribable to free radicals produced 
in the reaction of ionizing radiations with water. 
These effects can be reduced or prevented by use of 
free-radical acceptors, which protect the solute (flavor 
molecule or nutrient) by competing for the free radi- 
cals. This principle has been applied successfully also 
to prevent hemolysis in suspensions of red blood cells 
when they are irradiated. 


In the years from 1946 to 1952, many investigations 
have been conducted on the sterilization of foods, 
tissues, and pharmaceuticals by ionizing radiations (12) 
produced by Van de Graaff accelerators. During this 
period the following facts have been observed : 

a. All types of microorganisms can be destroyed by 
sufficient doses of ionizing radiations in any conceivable 
type of container. 

b. The amount of radiation dose required is de- 
pendent on the type and the number of the spoilage 
organisms present, as well as on the type of food ma- 
terial to be irradiated. 

c. In this treatment, side-effects such as changes in 
flavor, texture, and color may be produced. The extent 
of each of these changes is dependent on the particular 
food, drug, or tissue being irradiated and on the dose 
used. In general, side effects are produced by much 
lower doses than those required for sterility. 

d. These side effects can be minimized but not neces- 
sarily entirely avoided by irradiation of the material in 
the frozen state. 

e. Irradiation in inert atmospheres or in vacuo has 
also been shown to be helpful, but under such conditions 
a higher radiation dose may be required for a given 
degree of bacterial inactivation or sterility than is re- 
quired in normal atmospheres. 

With the above facts in mind, a biochemical solution 
to the prevention of the undesirable side effects pro- 
duced in irradiated materials was postulated, and the 
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potentialities of this approach in cathode ray studies 
with certain compounds in aqueous solutions have been 
investigated. A preliminary report of some phases of 
this investigation has been published by Proctor and 
Goldblith (13). This biochemical approach is based on 
an analysis of the radiochemical phenomena occurring 
in the reaction of ionizing radiations in aqueous (or 
aquoorganic) solutions. These phenomena may be sum- 
marized as follows: 

On passing through water, ionizing radiations lose 
energy, in part at least, by causing water molecules to 
ionize : 

H.O ~~~m——->_ H.,0* + &® (1) 

The ejected electron gets away from the positive 
water ion and eventually becomes attached to another 
molecule, forming a negative water ion: 

e + H.O oD H.O- (2) 

Alternatively, the ejected electron may combine (but 
probably rarely does so) with a hydrogen ion to form a 
free hydrogen atom: 


e + Ht +H (3) 

The positive water ion interacts with its neighboring 
water molecules and in the process leads to dissociation : 
H,O* ———> H* + OH’ (4) 


The resulting negative water ion from Equation 2 
dissociates : 
H,O- ——-> OH" + H (5) 
In addition to the reaction illustrated in Equation 4, 
a hydroxyl radical may be formed by ejection of elec- 
trons from hydroxyl ions normally present in water: 


OH- ———~> OH’ +e (6) 


The electrons so produced may yield hydrogen atoms, 
according to Equation 3. : 

The important products formed in the reaction of 
ionizing radiations with water are the OH’ and the H 
atom. The former is a strong oxidizing agent and the 
latter a powerful reducing agent. Any oxidizable 
solutes that are present will, therefore, be oxidized by 
these radiations through the OH" produced and any 
reducible solutes will be reduced through the H atoms 
produced. 

The H atom and the OH’ may recombine if they are 
close enough together (Equation 7), and in this case 
there will be no net change: 


H + OH ———~ H:0 (7) 


However, on a molecular scale the distance between 
the hydrogen atom and the hydroxyl radical is so great 
that other things are likely to happen (such as the 
oxidation of an oxidizable solute or the reduction of a 
reducible solute) before diffusion brings them together. 
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In food materials, which are extremely complex sub- 
stances, a number of components are present that could 
react with free radicals. Among these are the com- 
ponents of flavor which, when irradiated, produce an 
off-flavor that is characterized by some members of 
taste panels as “oxidized.” What conceivably happens 
is explained schematically in Equation 8: 


Flavor Oxidized ‘ 
molecule ‘-—— flavor + OH (8) 


With enzymes, the type of reaction that may take 
place is illustrated in Equation 9. In this instance, an 
enzyme has been chosen for illustration that depends on 
a sulfhydryl group for its activity. 

2 Enzyme-SH + OH ——-—> Enzyme-S-S-Enzyme + OH- 

(reduced ) (oxidized ) (9) 


The above has been amply demonstrated by Barrén 
(2) in his study on phosnhoglyceraldehyde dehydroge- 
nase irradiated by X-rays and reactivated by reduced 
glutathione (—SH). 

The discussion above forms the rationale of a pro- 
posed biochemical approach for the prevention of off- 
flavors and other side reactions produced by ionizing 
radiations, based on the addition of a “free radical 
acceptor” (FRA) to the material that is to be irradiated. 
Forssberg (6) demonstrated that catalase could be 
protected from X-rays by the addition of a second com- 
ponent to the system, which absorbed some of the 
primary X-ray products. In later work, Forssberg (7) 
applied this principle to animal experiments with en- 
couraging results. 


EXPERIMENTAL 

Te demonstrate the protection afforded by free radical 
acceptors, quantitative kinetic studies were undertaken with 
pepsin (crystalline). The pepsin was irradiated m aqueous 
solutions (glass-redistilled water), in acetate buffer, and in 
acetate buffer plus sodium-d-isoascorbate and niacin, respec- 
tively. The activity of the pepsin was determined by the method 
of Anson (1). 

Irradiation studies were also made with aqueous solutions 
of histidine. HCl plus p-isoascorbic acid, with suspensions of 
red blood cells in vitro plus sodium sulfite or sodium pD-isoascor- 
bate, and with samples of chopped meat products (cured) plus 
ascorbic acid or one of its derivatives. Histidine was determined 
chemically by a colorimetric method (3, 9). 

The various liquid samples were irradiated at room tempera- 
ture in thin-walled glass ampules of 5-ml. capacity. The chopped 
meat products were those of a commercial packer, containing the 
usual curing agents but repacked into oblong sardine cans after 
thorough mixing. The repacked meat products were then irradi- 
ated by crossfiring, that is, by exposing the cans from both 
sides, through the shortest dimension of the can. The source of 
ionizing radiations (cathode rays) was a 3 m.e.v. pressure- 
insulated Van de Graaff Accelerator (14). 


RESULTS AND DISCUSSION 

The effects of ionizing radiations on the retention of 
pepsin in three different concentrations in aqueous solu- 
tion and in acetate buffer are presented in Figures 1 
and 2. The rate of destruction of a given dose of radia- 
tions was less, the more concentrated the solute. 

From the slopes of the curves in Figures 1 and 2, the 
quantities of radiation to produce 63% destruction of 
the enzyme (e* = 0.368), that is, the inactivation 
doses (D,) have been calculated (5) and are recorded 
in Table 1. Division of the inactivation dose by the 
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Figure 1. Effects of cathode rays on aqueous solutions of 
pepsin of different concentrations. 
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TABLE 1 


Effect of cathode rays on pepsin in aqueous solution 
and in acetate buffer 

















Solvent and | Specific 
concentration (C) Inactivation inactivation 
of solute (I) dose (Do) | dose (Do/C) 
mg. per mil. rep rep. per g. 
per ml. 

Water 146,000 2.92 X 10° 
0.5 pace 280,000 2.80 x 108 
1.0... $62,000 2.81 X 108 
2.0 | niin it 

| Average: 2.84 x 10° 

Acetate buffer * 185,000 3.70 K 108 
0.5 dies ‘ 395,000 3.95 x 108 
1.0 . 765,000 3.83 & 108 
7s... sass —_——— 

Average: 3.83 K 10° 








© Concentration was 20.7 mg. per ml.; the pH 4.3 (pH at which pepsin 
is most stable). 


concentration of the pepsin gives the specific inactiva- 
tion dose (D,/C). 

The values for the specific inactivation dose indicate 
that the average amount of energy required to inacti- 
vate a given quantity of the pepsin in a given solvent 
was the same regardless of the concentration of the 
solute. This was true for pepsin both in aqueous solu- 
tion and in acetate buffer. However, in the latter case 
more energy was required to inactivate a given quantity 
of the enzyme (3.83 10° rep as compared with 2.84 
x 10° rep per g. per ml.). 

This greater energy requirement for inactivation is 
probably explained by the protection afforded the pepsin 
by the acetate buffer. This protection may be expressed 
mathematically as follows (4): 


Dea on! Dow Ci 
= x — 
2 Dew Cp 





where Q is the protective quotient; D,«1,p) is the in- 
activation dose for the indicator plus protector ; Do,1) is 
the inactivation dose for the indicator alone; C; is the 
concentration of the indicator that is present ; and Cp is 
the concentration of the protector that is present. 

According to the experimental data in Table 1, the 
average values for Do,p) and D.) are 3.83 x 10° 
and 2.84 10° rep per g. per ml. The concentration 
of the indicator (enzyme) was 1.0 & 10° g. per ml. 
and that of the protector (buffer) was 20.7 « 10° g. 
per ml. The protective quotient of buffer is then calcu- 
lated from these values as follows: 


Q = [(3.84 X 10° — 2.84 x 10°)/(284 X 10°)] X 
[(1.0 X 10°)/(20.7 X 10*)] = 


Q = (0.99/2.84) X (1.0/20.7) = 0.0168 


In experiments in which the enzyme pepsin was used 
at a single concentration (1.0 mg. per ml.), the efficacy 
of protective agents (P) other than acetate buffer as 
free radical acceptors was evaluated. For example, with 
increasing quantities of sodium p-isoascorbate in the 
solution of pepsin and acetate buffer there was increased 
protection of the enzyme (Figure 3). Indeed, the 
pepsin was well protected by the sodium p-isoascorbate 
even in low concentrations. 

A similar effect was observed in a study of the pro- 
tective effect of niacin on pepsin in acetate buffer 
(Figure 4). In fact, niacin, which in itself is relatively 
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Figure 3. Effects of cathode rays on pepsin (1.0 mg. per 


ml.) in acetate buffer (pH 4.3) in the presence of different 


amounts of sodium D-isoascorbate (P is protector). 
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Figure 4. Effects of cathode rays on pepsin (1.0 mg. per 
ml.) in acetate buffer (pH 4.3) in the presence of different 
amounts of niacin (P is protector). 


Bus 


vs Sapa eeene =. ee 


tet 


ae 
3 


ee 

















































See 


7 


amacee 










ae AGO —e 


ee ee 


1 sera ert. 


ee eee 


+ «Soe +a Sea 


. 


tae 


» 


_ 


very radioresistant (10, 11), was as good as or better 
than sodium p-isoascorbate as a protective agent for 
pepsin. 

The protective quotients for pepsin irradiated in 
acetate buffer with the protective agents sodium-p- 
isoascorbate and niacin are shown in Table 2. The 


TABLE 2 


Protective quotients for pepsin irradiated in acetate buffer ‘ 
and for Histidine.HCl irradiated in aqueous solution 
in the presence of protectors 


Pepsin ‘Histidine. HCl | 





(concen. = 1.0 mg. per ml.) (concn. = 1.0 mg. per ml.) 
Protector (P) : Protector (P) c 
and | Protective | and | Protective 
concentration quotient | concentration quotient 
mag. per mi. mg. per mi. 
Sodium p-isoascorbic acid 
p-iso-ascorbate 
0.025 4.60 0.1 3.06 
0.10 6.40 0.5 1.26 
0.25 8.20 1.0 1.72 
0.50 7.67 
1.0 7.58 
Niacin 
0.025 19.68 
0.10 9.84 
0.50 9.00 
1.0 6.34 


4 Concentration was 20.7 mg. per ml.; pH 4.3 (pH at which pepsin is 
most stable). 


protective quotient has been proposed by Dale, Davies, 
and Meredith (4) as a means of comparing the pro- 
tective power of different substances. Examination of 
the formula shows that Q, the protective quotient, 
expresses the ratio of the dose taken up by the pro- 
tector to that taken up by the indicator for equal weights 
of each. 

A protector giving a Q value greater than unity is 
of interest as a free radical acceptor, whereas a pro- 
tector giving a Q value less than unity (such as acetate 
buffer) is of minor consequence. 

Changing Q values were also observed by Dale, 
Davies, and Meredith. In general, such values imply a 
diminishing efficiency of the protective substance as its 
concentration is increased. Dale, Davies and Meredith 
have explained the phenomenon of the changing quotient 
on the basis that the protector reacts with a free radical 
and becomes activated, that the activated protector 
collides with indicator molecules and deactivates the 
indicator molecules. Hence, although the protector 
molecule has removed a radical from the solution, it can 
pass on the effect of the radical to the indicator molecule 
and in this way not fulfill its function as a protector. 
Another possibility, as pointed out by Dale, Davies, and 
Meredith, is that the solvent molecules may collide with 
the protector molecules and thus inactivate the protector 
molecules so that they can no longer protect. 

By calculating the probabilities of collision, Dale, 
Davies, and Meredith have found it possible to draw 
an experimental curve for the changing quotient that 
is in good agreement with experimental results. 

The protective quotients for pepsin (Table 2) indi- 
cate that it is possible to measure quantitatively the 
protection of a given indicator by the addition of agents 
that serve as free radical acceptors (FRA), which com- 
pete with the indicator for the free radicals produced 
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by the action of ionizing radiations. This phenomenoy 
is illustrated in Equations 10 and 11: 


Enzyme + OH ——-— Enzyme-oxidized + OH” (10) 


(active) (inactive ) 
Enzyme + OH’ + FRA ——-— Enzyme + OH” + 
(active ) (active) 
FRA-oxidized (11) 


Another example of the protection of materials from 
the effects of ionizing radiations was obtained in studies 
with histidine.HCl, one of the essential amino acids, 
Figure 5 illustrates the dilution effect noted when this 


DOSAGE (rep) 




















1@] 2 4 6 8 10x 105 
100 , eat aes oe 
90}\ _ 

80}- 2 
e 
7OrF *- 
60] __ Ses 
Rg 
1.0 mg/m! 
50 





a 
°o 








RETENTION % 
3} 


Nn 
° 





0.1 mg/mi 





10 
9 . 
= aS ee ee a or a oe 


Figure 5. Effect of cathode rays on different concentrations 
of histidine.HCl in aqueous solution. 














amino acid was irradiated in aqueous solutions of dif- 
ferent concentrations, an effect similar to that noted 
with pepsin. Figure 6 illustrates the protective effect 
of p-isoascorbic acid on histidine. The protective quo- 
tients in this instance (Table 2) indicate that p-isoascor- 
bic acid was a good protective agent for histidine, 
although not so good as sodium pb-isoascorbate was for 
pepsin. 

A further illustration of the protective action of free radical 
acceptors was afforded by the application of this technique to 
the prevention of hemolysis of red blood cells. In observations 
made in 1948 (13), it was found that 5% suspensions of washed 
red blood cells in physiological saline were hemolyzed by super- 
voltage cathode rays. In the study reported here, this work was 
repeated with a control suspension of red blood cells and with 
suspensions to which sodium sulfite and sodium p-isoascorbate 
had been added (Figure 7). In all instances the concentration 
of red blood cells in the suspension was 5% (vol./vol.). 
Hemolysis was measured by spinning down a 15-ml. suspension 
of cells in a centrifuge tube and measuring the optical density 
of the supernatant in a colorimeter at 530 mu. 
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Figure 6. Effect of cathode rays on aqueous solutions of 

histidine.HCl (1.0 mg. per ml.) in the presence of varying 
concentrations of D-isoascorbic acid. 


With the control suspension, hemolysis began at a dose level 
of approximately 250,000 rep. Addition of 1% (wt./vol.) of 
sodium sulfite delayed hemolysis until a dose level of 1,500,000 
rep was reached, and addition of a like percentage of sodium 
p-isoascorbate delayed hemolysis until a dose level of 2,000,000 
rep. 

A more valid comparison might be the dose levels at which 
50% hemolysis occurred in these instances, which were: 


I ce tekinoctccstehiseninesnes ....1,000,000 rep 
| eee veveeeeeedy290,000 rep 
Sodium p-isoascorbate 3,500,000 rep 


With the addition of these protectors it is possible to prevent 
hemolysis of suspensions of red blood cells in vitro when ex- 
posed to cathode rays at doses below about 2.25 to 3.5 million 
rep. The potentialities and implications of this finding for 
in vivo studies are obvious. This technique makes the possi- 
bilities of sterilizing bovine blood for food specialty items and 
for animal consumption become more realistic, because patho- 
genic non-sporulating organisms are destroyed by cathode ray 
doses of 1,000,000 rep or less and the hemolytic effect of such 
doses can be avoided by means of this biochemical technique. 
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Figure 7. Effect of cathode rays on the hemolysis of red 
blood cells (bovine) in physiological saline solution (control) 
and in solutions to which sodium sulfite and sodium D-iso- 
ascorbate had been added. 
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The authors have evaluated the possible protective 
action against the side effects of cathode rays afforded 
by addition of a number of free-radical acceptors to 
several foods. Chopped meat products (cured) with 
which 0.5% by weight of ascorbic acid or one of its 
derivatives was intimately mixed prior to irradiation 
were indistinguishable from control samples in color, 
flavor, texture, and odor even after exposure to cathode 
ray doses of 2 & 10° rep (irradiation at room tempera- 
ture). The control samples (no FRA added) showed a 
change in color after a dose of only 100,000 rep, which 
is far below the sterilizing dose. 

The protection of a flavor component by the addition 
of a free radical acceptor (FRA) may be illustrated as 
follows: 


Flavor Oxidized i 
molecule + OH = off-flavor + OH (12) 
Flavor + OW + FRA —— 
molecule 
Flavor js res 
molecule + OH” + FRA-oxidized (13) 


According to present regulations of the Federal Food 
and Drug Administration, it is permissible to add only 
a few compounds to foods. Among these compounds, 
which are harmless, are ascorbic acid and its derivatives 
mentioned in this report. 

It is believed that this biochemical approach is a most 
logical one to prevent the undesirable side reactions 
produced by ionizing radiations without increasing the 
sterilization dose, as is necessary when inert atmos- 
pheres (such as nitrogen) are used. Further research 
on the application of this technique to other foods and 
to drugs is in progress. 


SUMMARY 

The reactions of solutes with free radicals produced 
by ionizing radiations (3 m.e.v. cathode rays) can be 
prevented by mixing with the solutes certain compounds 
that will compete for the free-radicals and thus protect 
the solutes against undesirable side effects. 

That the mechanism of protection is not simply an 
oxidation-reduction effect is amply illustrated by the 
results obtained when niacin was used as the free- 
radical acceptor. Niacin is resistant to oxidation. 

Observations were made with fhe enzyme pepsin, the 
amino acid histidine. HCl, suspensions of red blood 
cells, and samples of chopped (cured) meat products. 
It was demonstrated that ascorbic acid and its deriva- 
tives (D-isoascorbic acid and sodium p-isoascorbate), 
niacin, and sodium sulfite, designated as free radical 
acceptors, all had a protective action when combined 
with one or the other of the solutes. 

Hemolysis of red blood cells in vitro at sterilizing 
doses of radiation was prevented, and the color, flavor, 
texture, and odor of chopped meat products remained 
unchanged when they were irradiated in the presence of 
a free radical acceptor. 
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Natural Flavor Retained in New Frozen Uncooked Apple Pulp’ 


GESTUR JOHNSON anp DUANE K. JOHNSON 


Chemistry Section, Colorado Agricuitural Experiment Station, Fort Collins, Colorado 


- 


A new process for the preparation of uncooked fro- 
zen apple pulp makes it possible to retain the fresh 
apple flavor. The essential steps in the process consist 
of 1, treating apple slices with a combination of anti- 
oxidants (sodium chloride, ascorbic acid, and sodium 
bisulfite) which behave synergistically; 2, freezing; 
and 3, pulping treated apple slices in the frozen state. 

Minute concentrations of SO: inactivate polyphenol- 
ase enzyme more efficiently in presence of ascorbic acid 
and sodium chloride. 

The new frozen apple pulp was found to be an ex- 
cellent base for fresh apple-flavored sauce, sherbet, 
and ice. 


A new type of uncooked frozen apple pulp which re- 
tains the natural fresh apple flavor has been developed 
and its home preparation briefly described by John- 
son (1). Essentially, the new process consists of treat- 
ing apple slices with a combination of antioxidants, 
freezing, and then pulping the slices in the frozen state. 
Upon the addition of about 10% sugar, this pulp can be 
used in the same manner as the conventional frozen 
apple sauce. It is very smooth in texture and possesses 
the characteristic fresh apple flavor. After the addition 
of sugar, the pulp is completely thawed, preferably 
deaerated, and then packaged and refrozen. The con- 
ventional method of preparing frozen apple sauce in- 
volves a heat treatment, usually steam scalding of slices 
prior to pulping and addition of sugar. This mild heat 
treatment alters the delicate fresh flavor of the apple. 

In the new process the heat treatment of apple slices 
is omitted. Instead, the slices are dipped in a bath con- 
taining a combination of antioxidants consisting of 
sodium chloride, ascorbic acid, and sodium bisulfite. 
Johnson and Guadnagni (2) described the synergistic 


* Scientific Journal Series No. 382, Colorado Agricultural 
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effects obtained by the use of the above antioxidants in 
a patent on prefreezing treatment for fruits. 

An important fact about this new apple pulp or sauce 
is the quality of apple sherbet and ices which can be 
made using it as a base. The present paper deals with 
the procedure with a view towards its commercial appli- 


cation. 
EXPERIMENTAL METHODS 


Details of process. The apples are peeled, cored, and sliced 
in the usual manner. It is best to slice the apples into 12 slices. 
Smaller apples may be sliced into 8 pieces. The slices are then 
dipped 114-2 minutes in a bath consisting of 1% sodium chloride 
(salt), 0.3 to 0.4% ascorbic acid, and 300 p.p.m. of sulfur dioxide 
(SO,) as sodium bisulfite. After dipping, the slices are drained 
and then frozen. Because the slices are to be subsequently 
pulped in the frozen state, it is convenient to freeze the slices 
on trays covered with waxed paper and then pack the frozen 
slices in a loose pack which will be more convenient for future 
pulping. The regular 30 pound tin or even a larger container 
may be used. If desirable, the slices may be packed after dipping 
and then frozen. This procedure makes it more difficult to break 
the frozen slices apart before pulping. 

The ascorbic acid is stable in the above dipping bath. The 
chloride and sulfite ions prevent enzymatic oxidation and retard 
auto-oxidation of the ascorbic acid. The bath can be used for 
a long time provided that the antioxidants are replenished as 
they are being used. The bath can also be filtered when the 
occasion demands. Stainless steel or other non-corrosive equip- 
ment should be used in the dipping operation. 

The uptake of antioxidants by the apple slices is approxi- 
mately 10 to 12% of the concentration of the bath. For example, 
when the weight of apples equal to the weight of the dipping 
solution is used, there is a loss of about 10 to 12% of the anti- 
oxidants. The uptake of ascorbic acid and of sulfur dioxide is 
shown in Table 1. Analyses of the apple slices indicate the 
same result. Slices dipped in 0.4% ascorbic acid solution con- 
tained about 40 to 45 mg. of ascorbic acid per 100 g. 

Modification of process. Ascorbic acid can be omitted from 
the dipping solution and then added later to the pulp with the 
sugar. The sugar containing the ascorbic acid should be added 
immediately after pulping, preferably before the pulp com- 
pletely thaws. About 140 to 170 mg. of ascorbic acid per pound 
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TABLE 1 


Uptake of ascorbic acid and sulfur dioxide by Jonathan apple 
slices dipped im a 12 liter (3.17 gallon) bath containing 1% 
salt, 0.5% ascorbic acid, and 300 p.p.m. SO. (NaHSO;) 
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| Ascorbic 
Apple acid Uptake of Uptake of 
slices removed ascorbic acid sodium bisulfite 
from bath | 
— | OTE -— a 
mg. per : 
Ib. 9 | mg. per Ib. | 100 9. | mg. per lb. | p.p.m. SO; 
24 5.9 246 54 18 24 
72 = 212 46 it me 
96 2.32 | gs 031 -m? | -oe 


of apple pulp should be added. This procedure is somewhat more 
economical than when ascorbic acid is used in the dipping solu- 
tion, and is just as effective for treating the apples to prevent 
enzymatic browning. 

After the addition of the sugar-ascorbic acid mixture to the 
pulp it is completely thawed. The sugared plp is then deaerated, 
packaged, and frozen. The sugared pulp can be used directly in 
such products as sherbets and ices. Then deaeration of pulp is 
not necessary. The pulp can even be stored for a few days at 
ordinary refrigerator temperatures. If, however, the sugared 
pulp is to be stored in the frozen state for several months, it is 
advisable to deaerate the product. When apple slices are pulped 
in the frozen state and thawed, a considerable amount of air is 
occluded in the product. This air is detrimental to the delicate 
fresh apple flavor even when stored at —10° F. (—23.5° C.) 
for several months. This will be discussed more in detail under 
the section on effectiveness of antioxidants and stability of flavor. 


Methods of pulping. In all our experimental work, an ordi- 
nary type of meat grinder was used for pulping. The grinder 
attachments were precooled in freezer room before pulping. 
This type of grinder has a somewhat limited capacity but there 
are other comminuting machines of similar types and with much 
greater capacity that can be used. 

Methods of analysis. Ascorbic acid was determined essen- 
tially by the method of Loeffler and Ponting (3). Oxalic acid 
(0.25% ) was used as the extractant. 

Sulfur dioxide content of the apples was estimated by the 
method of Ponting and Johnson (4). A 0.01N. iodine solution 
was used for titration. 

Sulfur dioxide content of the dipping solution was deter- 
mined by titrating two 10 ml. aliquots of solution, acidified with 
I ml. of 6N. HCl, with 0.02N. iodine solution. Then 1 ml. of 
40% formaldehyde was added to one of the acidified aliquots 
and allowed to stand for 10 minutes before titrating. Sulfur 
dioxide content was calculated from the difference between the 
two titrations. Sulfur dioxide is bound by the formaldehyde. 
Ascorbic acid can be calculated.from the titration of the aliquot 
containing formaldehyde. It is rather difficult to determine ac- 
curately the small amount of sulfur dioxide in presence of the 
relatively high concentration of ascorbic acid. 

Since the total titration for the combination of ascorbic acid 
and sulfur dioxide can easily be determined, it can be used for 
following the loss of the antioxidants. When a 10% drop in 
titration has occurred, the antioxidants can be replenished by 
the addition of 10% of the original amount of each of the anti- 
oxidants (sodium chleride, ascorbic acid, and sodium bisulfite) 
added. 

When ascorbic acid is omitted from the dipping solution the 
sulfur dioxide content can be estimated by titrating an acidified 
aliquot of the solution. 

The method of Ponting and Joslyn (5) was used for the esti- 
mation of polyphenolase activity. The method used employs the 
rate of oxidation (browning) of catechol. A 3-minute reaction 
time was used. Enzyme activity is expressed in log T units or 
optical density produced per minute per g. of sample at 25° C. 
An Evelyn colorimeter with a 420 mu filter was used to follow 
tate of color formation. 

The following procedure was used to obtain the rate of 
browning apples: A 50 g. sample of frozen slices was weighed 
ina Waring blendor cup. Then 500 ml. of distilled water was 
added and the mixture was blended for 1 minute. It was then 
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filtered through a milk cotton filter on a Buchner funnel with 
the aid of suction. An approximate 20-ml. sample was poured 
into an Evelyn colorimeter tube. This tube was placed in a 
water bath at 77° F. (25° C.) for about 15 seconds. The tube 
was then placed in the colorimeter which was adjusted to read 
slightly over 100% transmission. As soon as the galvanometer 
reading reached 100, the stop watch was started and the rate of 
color formation was followed for 10 minutes. The operation was 
carried out in such a manner that the galvanometer readings 
were started at the beginning of the fourth minute. A 420 mu 
filter was used in this determination. 

Jonathan apples were used in the experimental work except 
when otherwise indicated. 


EXPERIMENTAL RESULTS 

Effectiveness of antioxidants. Synergistic effects are 
obtained by using a combination of sodium chloride, 
ascorbic acid, and sodium bisulfite for controlling en- 
zymatic browning. It is possible to use such small 
quantities of sulfur dioxide that no taste from that sub- 
stance is detectable and yet in case of Jonathan apples 
it is possible to obtain complete inactivation of the 
polyphenolase enzyme. We found the reason for this 
to be that more polyphenolase enzyme can be inacti- 
vated by a very small amount of sulfite in the presence 
of relatively high concentration of ascorbic acid than by 
the same quantity of sulfite alone. Ponting and John- 
son (2) showed that the polyphenolase system can 
oxidize sulfur dioxide. This oxidation of sulfite takes 
place during inactivation of the enzyme by the sulfite. 
If the SO, concentration is very low, little inactivation 
of the.enzyme takes place because all the sulfite will be 
oxidized before it can inactivate the enzyme. With 
increased amount of sulfite the inactivation rate is 
increased and the enzyme will be inactivated before 
much of the sulfite is oxidized. This will leave a rela- 
tively high residual amount of SO,. It appears that 
ascorbic acid is preferentially oxidized by the polypheno- 
lase system and thus protects sulfite from enzymatic 
oxidation. The sulfite is then free to do more inactiva- 
tion of the enzyme. As the enzyme is inactivated, the 
ascorbic acid oxidation is also retarded. Experimen- 
tally, this was actually found to be the case. The results 
are illustrated in Table 2. The analyses of the frozen 
apple slices were carried out after 34% months of 
freezing storage at —5° F. (—20.6° C.). The original 
polyphenolase activity of the apple was 0.75 log T units 
per minute per g. The residual énzyme activity of the 
frozen slices was 0.22 log T units. Immediately after 
defrosting the pulp (8% sugar was added) the enzyme 
activity had dropped to 0.146 log T units. It continued 
to drop and decreased to 0.109 after 3 hours, 0.055 after 
24 hours at 50° F. (10° C.) and finally to 0.032 log T 
units after 2 days at 50° F. In the same period of time 
ascorbic acid dropped from 47.8 mg. per 100 g. to 24.9 
mg. per 100 g. 

Table 3 shows what happens to the enzyme activity 
when ascorbic acid was omitted from the dipping solu- 
tion. Jonathan apple slices were dipped in a solution of 
1% salt and 300 p.p.m. of SO,. The original enzyme 
activity was the same as above. Immediately after pulp- 
ing and still in the frozen state the pulp had an enzyme 
activity of 0.24 log T units per minute per g. Merely 
by dipping the apples in the sulfite solution, there was a 
loss of about 60 to 70% of the enzyme activity. The 
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TABLE 2 


Polyphenolase activity and ascorbic acid content of Jonathan 
apple sauce containing 8% sugar. The slices were dipped in a 
solution containing 1% salt, 0.5% ascorbic acid, and 
300 p.p.m. of SO. (as NaHSO;). 














Polyphenolase 
Ascorbic-acid activity log T 
. iti s units 
Conditions | mg. per 100 ¢. | ——_ 
| per g. 
Untreated frozen slices.......... ae ee 0.74 
Treated frozen slices (before pulping)... a 47.8 0.22 
Immediately after defrosting ‘aids and | 
sugar (about one hour) | 44.8 | 0.146 
3 hours after defrosting ........ - 0.109 
Stored at 50° F. for 24 hours ecigniidibuaill 30.1 0.055 
Stored at 50° F. for 48 hours 24.9 | 0.032 


apple slices had a residual SO, content of approximately 
15 to 20 p.p.m. of SO,. It will be noticed that even after 
storage of the pulp at 50° F. (10° C.) for 1 day, no fur- 
ther inactivation of the enzyme took place. 

To a new sample of freshly pulped apples approxi- 
mately 50 mg. per 100 g. of ascorbic acid was added 
while still frozen. Immediately after defrosting the 
enzyme activity was 0.24 log T units per minute per g. 


TABLE 3 


Effect of adding ascorbic acid to apple pulp made from frozen 
Jonathan apple slices dipped in a solution containing 
1% salt and 300 p.p.m. of SO. as (NaHSO,). 











Puiyetensiogs 
P activit 
Conditions | Ascorbic acid een 
mg. per 100 g. minute 
| per. 
Frozen pulp.... - . 0.24 
Immediately after defrosting eee ia | 0.23 
Stored for 24 hours at 50° F wih 0.24 
8% sugar plus 50 mg. ascorbic acid added 
to frozen pulp immediately after 
ine nstinnctiatnaiitbenatines ; anual 43 0.24 
Same, stored for 24 hours at 50° F.. | 35.4 0.025 





After 24 hours at 50° F. (10° C.), the enzyme activity 
dropped to 0.025, a very low value. 

Table 4 shows results when ascorbic acid is added to 
apples which were untreated except for an immersion 
of the whole peeled and cored apples in 1% salt solution. 
Then 50 mg. of ascorbic acid per 100 g. of pulp was 
added with the 8% sugar immediately after pulping. 
The enzyme activity was 0.74 log T units per minute 
per g. After 22 hours at 50° F., there was no change in 
enzyme activity. A large loss in ascorbic acid took 
place. It has since been found that even the small 
amount of uptake of salt by the whole -peeled apples 
reduces rate of ascorbic acid oxidation. With no salt, 
the oxidation of ascorbic acid would have been even 
greater than indicated in Table 4. (See section on the 
effect of sodium chloride.) 

TABLE 4 
Effect of adding ascorbic acid to apple pulp made from un- 
treated slices. Eight % sugar plus ascorbic acid (50 


mg./100 g.) were added to the apple pulp 
immediately after pulping in the 











frozen state. 
4 | Polyphenolase 
| 4 ., | activity log T 
Conditions | Ascorbic acid units per 
/mg. per 100 g. minute 
per g. 
Defrosted and stored at 50° F. for 3 hours | 24.7 | 0.74 
Stored at 50° F. for 22 hours... be 13.1 0.72 
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The above experiments show that it is possible tp 
inactivate the polyphenolase enzyme with extr 
small quantities of SO, in presence of sufficient ascorbic 
acid to protect SO, from enzymatic oxidation. Further 
experiments have been carried out to substantiate this 
finding. The uptake of SO, by apple slices dipped jp 
300 p.p.m. of SO, is very small. It is slightly over 
20 p.p.m. After the slices dipped in a solution of 1% 
salt, 0.4% ascorbic acid, and 300 p.p.m. of SO, (as 
NaHSO,) have been stored for a year or longer a 
—10° F. (—23.5° C.), the SO, content may drop to 
such a low value that no further inactivation of the 
residual enzyme activity takes place after pulping and 
thawing. For example, Jonathan apple slices treated as 
above and after 13 months of freezing storage had 
residual enzyme activity of 0.38 log T units when sam- 
pled in the frozen state. After pulping and two and 
one-half hours after thawing, the enzyme activity had 
not changed. Then 15 p.p.m. of SO, (as NaHSO,) 
was added to the thawed pulp. After standing for 2 
hours at 35°F. (1.7°C.) the enzyme activity had 
dropped to 0.12 log T units. A similar situation was 
found with Delicious apples. The enzyme activity of 
the frozen treated slices was 0.546 log T units. After 
pulping and defrosting and standing at 35° F. (1.7° C.) 
for 17 hours the enzyme activity dropped to 0.318 log 
T units. However, when 15 p.p.m. SO, (as NaHSO,) 
was added at the time of defrosting, the enzyme activity 
was reduced to 0.022 log T units per minute per g. in 
the same length of time. 

It was found that the inactivation reaction of the 
enzyme by the sulfite was more rapid at room tempera- 
ture than at refrigerator temperature of 35° F. Frozen 
Jonathan apple slices treated by dipping in a solution of 
1% salt and 300 p.p.m. SO, had polyphenolase activity 
of 0.241 log T units per minute per g. and contained 
17 p.p.m. SO,,. 

Immediately after pulping 10% sugar containing 
ascorbic acid (40 mg. per 100 g. pulp) was added in 
one case to the pulp. In a sample thawed in a water 
bath at 77° F. (25° C.), the enzyme activity was 0.087 
log T units immediately after thawing and reaching a 
temperature of 77° F. After 4% hours at 77° F., the 
enzyme was completely inactivated. 

In another sample allowed to thaw to 35° F., the 
enzyme activity was still 0.24 log T units. After 4% 
hours at 35° F. the enzyme activity was reduced to 
0.153 log T units and after 24 hours the activity had 
dropped to 0.043 log T units per minute per g. 


The Effect of Sodium Chloride 

Besides stabilizing the ascorbic acid in the dipping 
bath, the sodium chloride adsorbed by the apple slices 
is sufficient to reduce enzyme action. This reduction of 
enzyme action reduces the rate of enzymatic oxidation of 
ascorbic acid during the time it takes the sulfite to in- 
activate the enzyme. This is important especially in 
cases where all the residual enzyme activity of the 
treated slices cannot be inactivated by the small amount 
of residual sulfite. Figure 1 shows how dipping the 
Jonathan apple slices in 1% salt solution reduces rate of 
enzymatic browning measured by the method described 
in the section on methods of analysis. Since the rate 
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Jonathan apples were found to give excellent products. 


120 |. UNTREATED For maximum flavor, it is essential that the apples 
be properly mellowed before processing. Excellent 
+ 2. NaCl TREATED products were also obtained using mixture of Jonathan 
and some other varieties such as McIrtosh, Wealthy, 
sor and Red, and Golden Delicious. It has been found 
L desirable that Jonathan apples make up % to 3% of the 
mixture. 

osot Delicious apples when used alone gave a product 
I. which was too bland in flavor because of the low acidity. 

3 Apple Sherbet and Ice 


This apple pulp product was found to be an excellent 
base for a new type of apple sherbet and ice. These 
products possess the natural fresh apple flavor and also 
have a velvety smooth texture. Formulas to be used in 
a 6-quart ice cream freezer are given below for an apple 
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040-r 
2. sherbert containing 40% apple pulp and an ice contain- 
4 ing about 60% apple pulp. The sherbet is whipped to 
about 50% over-run and the ice to about 100% over- 
020- 
run. 
7 1 aise ae ‘Sherbet formula | Ice formula» 
j 1 I 1 1 1 L 1 l rT koe a salle * g. lbs. oz. | g. | Ibs. oz. 
Apple pulp (wit 0% } 
0 é, 2 3 4 5 6 7 8 9 10 added sugar)... 2000 4 6.4 2000 4 6.4 
TIME IN MINUTES Granulated sugar 820 | 1 8 495 1 1.5 
Figure 1. The effect of 1% sodium chloride dip on the rate High conversion com 
f atic browning of Jonathan apples. cove comite* od - T . 
of enzym g PP Milk 900 2 2 none | 
Water 450 1 285 | . 10 
e P ; ° . Gelatin 22 0.8 14 . 0.5 
of enzymatic browning is reduced, the rate of indirect Pure vanilla extract 5 | 1 teaspoon 5 | 1 teaspoon 
enzymatic oxidation of ascorbic acid is also reduced. » Adapted from Velva Fruit formula developed by Western Regional 
" — ill ’ : H Research Laboratory, U.S.D.A. 
ie For example, hen 40 mg. of ascorbic acid ~ 100 g- © Frodex (42 dextrose equivalent) was used but white corn sirup can be 
® was added to freshly pulped untreated frozen Jonathan used. Allowance for water content of the sirup should be made. 
: apples, only 20,7 mg. remained immediately after de- 
j frosting the pulp while 38.7 mg. of ascorbic acid All the ingredients except water and gelatin are first mixed. 
remained in the sodium chloride-treated apples. After The gelatin is dissolved in the amount of cold water called for 
y : cor 7. in the formula and heated to about 180° F. (82° C.). Then the 
i 18 hours at 35° F. (1.7° C.), the untreated sample had ; natin 
, d : } 00 gelatin solution is slowly poured into the above mixture and 
1.9 mg. and the treated 18.1 mg. per 100 grams. mixed well and poured into an ice cream freezer as in making 
The effect of sodium chloride on the polyphenolase ordinary ice cream or sherbet. The sherbet is whipped to about 
activity is reversible so when the enzyme activity is 50% over-run and the ice to about 100% over-run. 
; —— by the rate of catechol oxidation, it has no SUMMARY 
effect. The extract is greatly diluted for this test. The preparation of a new type of uncooked frozen 
| Stability of Fresh Flavor apple pulp which retains the natural fresh apple flavor - i 
It was found that the treated apple slices stored at is described. ae 
freezing temperatures retained their fresh apple flavor ; lhe prevention of enzymatic browning and the reten- i 
: better than the apple sauce (pulp plus sugar). This is tion of fresh flavor are accomplished with the use of a i 4 
apparently due to the deleterious action of air (oxygen) combination of antioxidants (sodium chloride, ascorbic a4 
occluded in the pulp after thawing the frozen ground acid, and sodium bisulfite) which behave synergistically. 4 
pulp. When the thawed pulp containing the added Apple pulp processed by this method serves as a a4 
sugar was deaerated, the pulp retained the fresh apple suitable base tor fresh apple-flavored sauce, sherbet, . h 
flavor about equally as well as the treated slices. After and ice. oi 
6 months of storage —10° F. (—23.5° C.) tasters were LITERATURE CITED d 
unable to tell the difference between apple sauce freshly 1. Jounson, Gestur. New frozen apple product. Colorado : 
prepared from treated frozen slices and apple ‘sauce Farm and Home Research, 2 (2), July-Aug. (1951). 
prepared from the same lot of treated slices, deaerated 2. Jounson, Gestun, axe Guaanacm, D. G. (80 U. 5. Depast- 
and stored for the same length of time. In tx same ment of Agriculture), U. S. Patent 2,475,838 (1949). 
ss , fOr tne : g e. _ 3. Loerrier, H. J., anp Pontine, J. D. Ascorbic acid. Rapid 
period of time apple sauce not deaerated had 1..." eably determination in fresh, frozen, or dehydrated fruits and 
lost fresh apple flavor. Deaeration also retards oxida- vegetables. nd. Eng. Chem., Anal. Ed., 14, 846 (1942). 
tion of ascorbic acid. If the apple sauce is to be stored 4. PontinG, J. D., anv JouNson, Gestur. Determination of 
for any length of time, deaeration of the sauce before aie in fruits. Ind. Eng. Chem., Anal. Ed., 17, 
packaging = recommended. 5. Pontine, J. D., ano Jostyn, M. A. Ascorbic acid oxidation 
Only fully ripe fruit with a pronounced apple flavor and browning in apple tissue extracts. Arch. Biochem., 


should be used to make the best flavored products. 19, 47 (1948). 
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Comparative Heating Rates of Bentonite Suspensions in Jars 
Processed in Boiling Water and in Steam 
at Atmospheric Pressure’ 


JOHN J. POWERS, DAN E, PRATT, ann WILLAMINTA NORRIS 


Food Technology Department, University of Georgia, Athens, Georgia 


(Manuscript received March 5, 1952) 


When 1 and 5% bentonite suspensions in pint and 
quart jars were processed in boiling water and in 
steam at atmospheric pressure, the heating medium 
did not produce significant differences in either the 
average or the maximal f, values observed. The jars 
processed in steam heated at a significantly more 
uniform rate than those processed in boiling water. 
When processing times were calculated by the general 
method from the slowest-heating and fastest-cooling 
curves, differences between the processing times of 
steam and water runs were statistically non-signifi- 
cant. Steam and water consumption were lower when 
the jars were processed in steam and spray-cooled 
than when processed in boiling water and cooled with 
water. 


Until approximately five years ago, acid foods packed 
in community canneries were usually processed in boil- 
ing water. Today, processing in steam at atmospheric 
pressure is becoming increasingly common. The avail- 
ability of a new type processing vessel utilizing steam at 
atmospheric pressure as the heating medium is pri- 
marily responsible for this change. The purpose of the 
study reported here was to compare: a, temperature 
distribution in boiling water baths, as they are generally 
used in community canneries, and in this new type 
processing vessel, developed and designated by Ford 
(7) as an “atmospheric cooker”; and b, heat penetra- 
tion into bentonite suspensions in jars processed in 
boiling water and steam. At least 3,000 Ford atmos- 
pheric cookers are in use at present. Further expansion 
of steam processing appears likely inasmuch as the 
atmospheric cooker and its operation are to be described 
in a forthcoming publication of the Production and 
Marketing Administration of the U. S. Dept. Agr. ; 
accordingly, temperature distribution and heat pene- 
tration data may be helpful to others in establishing 
processing times or in supervising processing in com- 
munity canneries. 

The use of steam at atmospheric pressure has proved 
troublesome as a processing medium in the past because 
of the difficulty of thoroughly and consistently venting 
air from the processing vessel. The atmospheric cooker 
depends upon steam introduced at the top of the cooker 
to purge it of air. Various investigators (3, 4, 6, 9, 10), 
have reported that retorts may be vented more readily 
when steam is introduced at the top rather than at the 
bottom of the retort. 

McConnell (&) found that peach halves heated more 
rapidly in water than in steam at 212° F. (100° C.) 
whereas Roberts and Benjamin (11) observed the re- 
verse in processing tomatoes. Townsend et al. (12) 





* Journal Series Paper No. 3, Georgia (College) Agricul- 
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reported that there were no significant differences in the 
j and f, values of suspensions of bentonite as a result of 
the heating medium when tin and glass containers were 
processed in retorts in steam and water at 240° Ff, 
(115.6° C.) and 250° F. (121.1° C.). 


EXPERIMENTAL 


The same equipment and system of replicating measurements 
used to measure temperature distribution in retorts at 10 psig 
steam pressure (10) were used in studying temperature distriby- 
tion in the atmospheric cooker and in retorts operated at 0 to 
5 p.s.i.g. steam pressure using top-inlet steam. The retort hook- 
up was the same as that previously described (1/0). A diagram 
of the atmospheric cooker is shown in Figure 1. The atmos- 
pheric cooker is made in two sizes. The smaller size is desig- 
nated as a No. 2 cooker and is about equivalent in capacity to 
a No. 2 retort. The cover of the cooker is 18% inches in 
diameter by 29 inches in height. The base pan is 20'4 inches X 
5 inches; the basket is 16 inches X 21% inches. The basket is 
held above the bottom of the base pan by a rack which is 4 
inches high. The legs of the rack project beyond the basket and 
thereby serve in addition as supports for the cover so that about 
Y% inch clearance exists between the bottom of the cover and 
the bottom of the base pan. The cover of the No. 3 cooker is 
24 inches X 36 inches; the base pan 28 inches X 5 inches; and 
the basket 22'4 inches X 25 inches. The basket rack is 4 inches 
high. The drainage outlet in the base pan of either size cooker 
allows about 1.5 inches of condensate to accumulate as a water 
seal. During the come-up period, the pressure of the incoming 
steam and the expanding air is sufficient to agitate the conden- 
sate violently with the result that the air escapes. By the time 
sufficient steam passes through the condensate to cause it to boil, 
the cooker is thoroughly vented. The steam may then be 
throttled so that only a small amount escapes through the water 
seal during the processing period. 

Although the heating rates of some foods were actually 
determined, in most cases 1% and 5% bentonite suspensions 
were used for the comparative determinations between steam 
and water because less variation within treatments resulted than 
when foods were used. The bentonite was prepared according to 
Townsend et al. (12). The cold points were determined experi- 
mentally for each size of jar and percentage bentonite. Each 
determination consisted of 5 jars containing 1% bentonite and 
5 jars containing 5% bentonite, with one thermocouple located 
at the slowest heating spot in each jar. Two thermocouples were 
exposed directly to the steam or boiling water. One was placed 
in the center of the top layer of jars; the second was placed just 
below the jar basket upon its vertical axis. A minimum of 3 
determinations each were made for the steam and water runs. 

The thermocouples were of copper-constantan calibrated wire, 
B and S gauge No. 24, continuous from the hot junction to the 
potentiometer. Each thermocouple was introduced into the jar 
in a slight groove in a %4g-inch wooden dowel which in turn was 
held in place by a compression fitting. A seal was effected by 
slipping a short piece of rubber tubing over the wire and dowel, 
doubling the tubing back on itself, and then compressiong the 
doubled portion in the socket part of the fitting with the com 
pression nut. The other end of the rubber tubing was pinched 
tightly against the thermocouple wire with a screw-type pinch 
clamp as additional protection against leakage. Leakage was 
rare. A Brown recording potentiometer was used to measufe 
temperature. 
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Figure 1. Pictorial diagram of atmospheric cooker showing 
base pan with basket supported in position on rack and cover 
which fits over basket. 


When the heating rates of foods were determined, the cold 
point of each size jar and type of food was determined before- 
hand. Each determination consisted of 12 jars of the same size 
into which one thermocouple each was placed. The thermocouple 
assembly described above was generally used. However, in some 
instances thermocouples similar to those described by Townsend 
et al. (12) in which B and S No. 24 gauge copper-constantan 
calibrated wire is embedded in a molded bakelite rod were used. 
A small rubber gasket made the seal on the compression fitting. 
Temperature was generally measured with a Leeds and Northrup 
manually-operated potentiometer with an external reference 
junction, although the Brown recording potentiometer was used 
for some of the later determinations. When the manually- 
operated potentiometer was used, the 12 thermocouples were 
connected to a switch. 

Whether the heating rates of bentonite or food were being 
determined, jars heated in the atmospheric cooker were trans- 
ferred to a spraying chamber for cooling. A No. 1 solid cone 
spray,” delivering about 0.2 gallon of water per minute, was 
ws Catalogue No. G1, Spraying System Company, Chicago 24, 

inois. 
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used during the first 0.5 to 1 minute of cooling; then both a 
No. 1 and a No. 5 spray,® the latter delivering about 1 gallon 
of water per minute, were used to complete cooling. When boil- 
ing water in an open retort was used as the heating medium, the 
jars were cooled with cold water admitted at the bottom of the 
retort, supplemented sometimes with a spray at the top. When 
shallow, rectangular tanks were used, the cooling water was 
introduced at the side of the tank. 


RESULTS 

Temperature uniformity in steam and water. 
The temperature distribution measurements showed that 
the atmospheric cooker was fully vented by the time 
the thermometer on the cooker registered 211° F. 
(99.4° C.), the temperature at which water generally 
boils in Athens, Georgia. The No. 2 cooker could be 
vented in 2, 6-10, and 15 minutes with a full load of jars 
at room temperature when steam at pressures of 65, 
11-38, and 3 pounds was used. The come-up times of 
No. 3 cookers were generally only a few minutes longer. 
When No. 2 and 3 retorts heated with top-inlet steam 
were operated at 0 to 5 pounds pressure, the tempera- 
tures at all locations within the retorts were always 
within 0.5° F. (0.28° C.) of that of the retort ther- 
mometer at the start of the processing period. 

Wider temperature differentials existed in the water 
than in the steam. When retorts were used for process- 
ing, a temperature differential of 4° F. (2.2° C.) often 
existed between the top and bottom of the retort al- 
though the water was apparently boiling throughout. 
This observation is in line with similar ones made with 
water-pressure processes at 10 pounds steam pressure in 
which temperature differentials of 9° F. (5° C.) were 
sometimes encountered with bottom-inlet steam unless 
air was used to circulate the water. Differentials of 
about 2° F. (1.1°C.) were encountered in shallow 
tanks heated with steam coils. 

Heat penetration during steam and water proc- 
essing. Comparisons of the heating rates of bentonite 
in jars heated in steam and water are shown in Table 1. 
Study of the differences in f, values between the steam 
and water treatments using chi-square tests indicated 
that the heating medium caused no significant difference 
in heating rate. Neither the average nor the maximal 
f, values differed significantly. Statistical analysis did 
indicate however that the variances of the steam runs 
were significantly less than those of the water treat- 
ments. The standard errors of the steam and water 
treatments were, respectively, 0.375 and 0.596 minutes 
for the 1% bentonite suspension and 1.57 and 1.69 
minutes for the 5% suspension. Part of the greater 
variance of the water treatments may have been a result 
of excessive ebullition of the water causing agitation of 
the jars. Although efforts were made to prevent agita- 
tion of the jars, reasonably vigorous boiling was main- 
tained to prevent, on the other hand, localized sub- 
boiling temperatures. If agitation did affect the rate of 
heat penetration to any extent, the effect was simply to 
increase the spread of the faster heating jars; it did not, 
as may be seen in Table 1, reduce the maximal fy, values 
of the water treatments below those of the steam treat- 
ments. 


© Catalogue No. G5, Spraying System Company, Chicago 24, 
Illinois. 
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TABLE 


Heat penetration into 1 and 5% bentonite suspensions in jars processed in steam (atmospheric cooker) and water 
(boiling water bath) at 211° F. (99.4° C.)* 


Pint jare (304 X 503) 


1 











es Process for | 
, P Bentonite Initial = a ae a Faz = 8.0 Heating Cooli 
Heating medium % co ( ome up Max. fn value, (General Fus re 
time, observed method ) ™ 
minutes 
=<. a - Se ——— _: a eonsiamaiit a 
Steam 1 82.5 10.0 0.44 11.4 22.0 7.10 0.99 
Water 1 80.0 2.5 0.70 11.8 24.8 7.14 9.86 
Steam l 75.0 15.0 0.52 11.3 15.0 7.38 9.62 
Water 1 105.0 21.0 0.64 16.8 16.0 7.55 9.45 
Steam 1 132.0 2.0 1.90 10.2 18.0 6.89 1.11 
Water I 136.0 0.0 1.23 12.0 21.8 7.63 0.37 
Steam 5 75.0 3.9 1.72 50.0 78.0 6.80 1.20 
Water 5 76.0 8.0 1.42 52.0 76.5 7.30 0.70 
Steam 5 129.5 12.0 1.20 53.6 59.2 6.36 1.64 
Water 5 141.5 21.0 0.66 55.5 38.5 6.57 1.43 
Steam 5 140.0 4.0 1.58 52.2 64.0 7.21 0.79 
Water 5 136.5 0.0 1.53 55.5 70.0 7.50 0.50 
Quart jars (400 « 609) 
Steam 1 72.0 1.0 1.65 14.5 31.2 7.32 0.68 
Water 1 67.5 0.0 1.34 14.0 | 30.5 7.23 0.77 
Steam 1 136.0 1.0 1.34 13.0 24.5 6.83 1.17 
Water 1 137.0 1.0 1.17 15.3 27.0 7.65 0.35 
Steam 5 75.0 1.0 1.47 84.0 116.5 6.77 1.23 
Water 5 78.0 0.0 1.54 83.0 116.8 7.70 0.30 
Steam... 5 133.0 1.0 1.60 86.0 99.0 7.42 0.58 
Water 5 138.0 1.0 1.64 84.0 98.0 7.68 0.32 
One-half gallon jars (411 * 900) 
Steam 1 ) 85.0 1.0 1.46 18.0 32.5 6.74 1.26 
Steam : 1 134.5 1.0 1.31 22.5 36.3 7.10 0.90 
Steam 5 76.0 3.0 66 123.0 165.3 7.79 0.21 
Steam 5 137.0 1.0 1.58 126.5 148.0 7.63 0.37 


“ Values for each treatment based upon a minimum of 3 determinations using 


When statistical confidence limits were applied to 
the f, values within each treatment, the maximum f) 
value actually observed frequently exceeded the 0.1% 
confidence level (actually the 0.05% level since the use 
of the upper limit only constitutes a one-tailed test). 
This observation is contrary to the finding of Esselen, 
Anderson, Ruder, and Pflug (5) who reported that 
actual and calculated limits of the heating rates of 
pickles agreed reasonably well. As may be seen from 
the standard errors listed above, variations in the heat- 
ing rates were generally moderate. 

Calculated processing times. When processing times 
having a F,,, value of 8.0 were calculated by the general 
method (2) from the slowest-heating and fastest-cooling 
curves, differences between the processing times of 
water and steam runs were statistically non-significant. 
A lethality of 8.0 was used to permit comparisons of 
data on the two-piece metal lid, home-type canning jar 
with data reported by Townsend et al. (12) for com- 
mercial containers of approximately the same size. Al- 
though the percentage lethality derived from the cooling 
curve was as high as 20.5% of the total in some cases, 
in others it was as low as 2.7%. One reason the cooling 
period contributed so little to the lethality is evident 
from Figure 2 in which it may be seen that the tempera- 
ture of the bentonite sometimes fell precipitously out 
of the lethal range as soon as cooling was started. 
Secause home-type canning jars can vent during proc- 
essing, high vacuums may ensue which, in turn, may 
lead to vigorous boiling during cooling when the head- 
space steam condenses. Townsend et al. (72) found 
that the contents of jars occasionally cooled faster than 
those of cans although the latter heated faster. They 
attributed the rapid cooling to the contents being stirred 


5 jars per determination. 


by “boiling.” Boiling during cooling was not confined 
to bentonite suspensions. Foods exhibited similar cool- 
ing curves. 

When processing times for pints calculated by the 
general method (2) and by Ball’s method (/) were 
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Figure 2. Variation in cooling rates of 5% bentonite @ 
pension in quart jars, initial temperature 80° F. (26.67° C). 
Solid and broken-line curves show typical cooling rates of bet 
tonite boiling vigorously during cooling; dotted-line curt 
shows cooling rate when boiling did not occur. 
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compared, a very highly significant difference existed 
between the two methods irrespective of whether the 
cool correction suggested by Townsend et al. (72) fora 
No. 303 jar (a jar of about the same dimensions as a 
pint home-canning jar) was employed. An e¢ value of 
42% was used. The discrepancy noted may not be of 
practical importance because the differences were not 
numerically great and the particular lethality value used 
is probably excessive for most acid foods ; nevertheless, 
application of the procedure outlined by Townsend et al. 
(12) for evaluating the cool correction needed and the 
portion of the come-up period which contributes to 
lethality to the limited data of this study indicated that 
the correction factors applied to No. 303 jars processed 
at 240° F. (115.6° C.) or 250° F. (121.1°C.) may not 
apply to pints processed at 211° F. (99.4° C.). Since 
there are no generally accepted levels of lethality neces- 
sary for various acid foods, the discrepancy was not 
studied further because at other lethality levels possible 
differences might be insignificant. For quarts the dif- 
ference between the two methods of calculation was not 
statistically significant. An e¢ value of 42% and the cool 
correction for a No. 2'4 jar derived by Townsend et al. 
(12) were used in the formula method (7). For both 
pints and quarts and the two methods of calculation, 
the variances of the processing times within each treat- 
ment were homogeneous. 

Confidence limits were also established for all the 
processing times within each treatment using the heat- 
ing and cooling curve of each individual jar to see 
whether the upper levels would have any predictive 
value as far as possible maxima were concerned and to 
see whether such limits would include the process based 
upon the composite slowest-heating fastest-cooling 
curve. In many cases the processing times based upon 
the composite curve exceeded the upper 0.1% confi- 
dence level. The statistical evaluation thus merely 
indicated that the probability of any individual jar re- 
quiring a process in excess of that derived from the 
composite curve generally would be less than one chance 
in two thousand. The coefficients of variation for the 
steam and water processing times were respectively 5.12 
and 7.06% for the individual determinations within 
each treatment. 

Heat penetration rates for foods. Heating rate data 
are shown in Table 2 for the foods studied. The heat- 
ing rates listed are the slowest rates observed. During 
the 1947 season tomatoes always yielded straightline 


curves on semi-logarithmic coordinates. During 1948 
broken heating curves always resulted. The heating 
rates of acid foods were very erratic which agrees with 
the findings of other investigators (8). 

Steam and water consumption. Steam and water 
consumption were also measured when some of the 
foods were processed in the atmospheric cooker and in 
boiling water. About 37% less steam was generally 
consumed when the atmospheric cooker was used than 
when boiling water processing was employed. Water 
consumption was usually lower when the atmospheric 
cooker and spray cooling were used than when water 
processing and cooling were used although the exact 
relationship varied depending upon the rate of spraying 
or water cooling and the number of jars being cooled. 
Unless the volume of food being processed is sufficient 
to require continuous use of the boiling water bath, the 
atmospheric cooker is generally more economical of 
both water and steam. 


SUMMARY 

1. Temperature distribution in the Ford atmospheric 
cooker was excellent. By the time the thermometer on 
the cooker registered 211° F. (99.4°C.) (the tem- 
perature at which water usually boils in Athens, 
Georgia), the cooker was at 211° F. (99.4°C.) 
throughout. 

2. Good venting characteristics were observed when 
retorts heated with top-inlet steam were operated at 
atmospheric pressure or at steam pressure up to 5 
pounds. 

3. Temperature differentials of 4.0° F. (2.2° C.) and 
2.0° F. (1.1° C.) were frequently observed when re- 
torts and shallow tanks were used for boiling water 
processing of acid foods. 

4. No significant differences in f, values or calculated 
processing times for 1 and 5% bentonite were dis- 
cernible as a result of jars being processed in boiling 
water or steam at atmospheric pressure. 

5. Bentonite suspensions heated at a_ significantly 
more uniform rate in jars processed in the atmospheric 
cooker than in boiling water baths. 

6. Steam and water consumption were generally 
lower when the atmospheric cooker was used than when 
boiling water baths were used to process the jars. 
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TABLE 2 
Heat penetration into pint (304 x 503) and quart (400 x 609) jars of acid foods processed at 211° F. (99.4° C.) in steam 


(atmospheric cooker) or in boiling water bath 





Product Jar size Number Heating 

| of jars medium 

Applesauce Pint 72 Steam 
Peaches, quarters Quart 59 Steam 
Peaches. quarters Quart 60 Water 
Pears, halves Pint 48 Steam 
Pears, halves Pint 48 Water 
Pimientos, whole, brine pack Pint 23 Water 
Sauerkraut | Pint 24 Steam 
Tomatoes | Pint 105 Steam 
Tomatoes Pint 101 Water 
Tomatoes Quart 97 Steam 
Tomatoes... Quart 103 Water 
Tomato Tuice ‘ Pint 24 Steam 
Tomato Juice... | Quart | 24 Steam 











rae Co. 

ronmny a" ; ; Max. fn value, fe ade 
F. | minutes observed 
179 1 3.96 44.0 
95 6 1.16 73.0 
95 19 0.99 66.0 (oe jaune 
75 5 1.69 43.0 aes Jail 
74 5 1.47 39.5 66.0 34.3 
93 4 1.46 33.3 a ae 
147 2 1.77 40.3 oem 
89 3 1.48 45.0 19.0 39.0 
83 4 1.44 58.0 27.5 40.0 
88 7 1.49 | 83.3 ee 
80 9 0.99 81.0 | 42.3 49.8 
140 3 ae 48.5 Pe org ie eS 

3 1.49 89.0 rt debate Be ae 
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An experimental technique and analysis is pre- 
sented for paired comparisons which is simple and effi- 
cient in the sense that relatively small numbers of 
observations are required. The method of testing and 
analysis is illustrated and necessary tables are in- 
cluded. 


The analysis of data from experiments involving 
organoleptic testing has recently come under intensive 
study. It is known that many of the techniques now in 
use are unsatisfactory and that improved procedures are 
required. This paper illustrates a new theory applicable 
to many current problems in organoleptic testing where 
qualitative measures alone are valid and reliable. The 
method will be particularly useful in those problems 
involving the detection of differences among several 
treatments by sensory methods by a small panel of 
judges. 

Heretofore, the best experimental testing of food 
products, clothing, tobacco, and the like, which require 
subjective measures, has involved the comparison of 
two products. In many cases such tests consisted of 
comparing an experimental product with a standard or 
with a competitor’s product. Statistical analyses of 
sensory difference tests have been reviewed by Bradley 
and Duncan (1) and Bradley and Terry (3, 4). 

Experiments involving more than two products or 
treatments have had varying success. Many artifices 
have been employed without consistently achieving satis- 
factory results, although scoring methods and transfor- 
mations of ranked data have been widely used (&, 9). 
Particular difficulties are introduced in those experi- 
ments where it is impossible to rate, score, measure, or 
rank all of the treatments at one sitting. Incomplete 
block designs (6) partially alleviate these difficulties, 
but the method of scoring or the analysis of rank data 
is often unsatisfactory. 


* This research was supported by funds from the Research 
and Marketing Act of 1946 under Contract No. A-1s-32683 with 
the Bureau of Agricultural Economics. 





In this paper a method of analysis is proposed for 
paired comparisons which is exact for small samples 
and which involves only extremely simple computations. 
The experimental design is well-known ; the statistical 
analysis is new. The procedure has the advantage that 
it is extensible to incomplete block designs with more 
than two treatments appearing in a block, and these 
extensions are under development. 

Other recent papers on paired comparisons are of 
supplementary interest (10, 12, 16). 


THE ANALYSIS OF SENSORY DIFFERENCE TESTS 


One of the difficulties in usual experimentation in- 
volving sensory differences is the choice of a suitable 
scoring scale and the use of standards to coordinate 
scoring. Most analyses, when more than two treatments 
are compared, depend on the analysis of variance. The 
analysis of variance depends on 4 basic assumptions: 
1, observations are independently distributed ; 2, obser- 
vations come from a normal population; 3, error vari- 
ances are homogeneous; and 4, treatment and environ- 
mental effects are additive. 

In sensory difference tests using scoring methods all 
of these assumptions are to some degree suspect, and 
the effects of their violation are not well understood. 
It appears that taste fatigue may introduce departures 
from Assumptions 1 and 3. A discrete scoring method 
without the use of standards usually leads to departures 
from Assumptions 3 and 4. One would require 2 spaced 
standards as a minimum to provide a uniform scale for 
a number of judges, and they introduce so much extra 
testing that fatigue develops more rapidly. The dis 
creteness of a scale always leads to violation of Assump- 
tion 2, although this may not be too serious (2), and 
some of the psychological effects of subjective judging 
discussed by Thurstone (15) appear to cause concert 
over the validity of Assumption 4. 

Triangle and duo-trio tests have been developed im 
sensory difference testing, and a good review of these 
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methods was given by Peryam and Swartz (13). These 
tests are useful when only two treatments are compared, 
and they involve an attempt to avoid the restrictive 
assumptions of analysis of variance and to provide a 
simple test procedure. Tables for these tests are readily 
available in many forms, and Davis and Terry (7) pro- 
vided a form easily used by personnel of the small 
processing plant. When several judges perform triangle 
or duo-trio tests, estimated probabilities of correct 
pairing by judges are reliable measures of individual 
sensory acuity, and these estimates may be used in com- 

ring the abilities of judges. This information has not 
heen widely used. However, it is this concept that will 
be generalized and expanded in the method that is 
presented here. 

The triangle and duo-trio tests are similar to various 
types of rank-order tests and lead into more complex 
analyses using ranks. When two products are to be 
compared, there are a number of rank-order tests avail- 
able, and these have been used to only a very limited 
extent in sensory difference detection. Some of the re- 
ports on such lines are those by Wilcoxon (17), Mann 
and Whitney (11), and Terry (14). 

A new test procedure is now presented using ranked 
data which considers comparisons of more than two 
products or treatments. The test is flexible. In subjec- 
tive testing the experimenter may assume a priori that 
the standards of judging are uniform or that they vary 
by judges, by time, or by both. That is, true treatment 
ratings may be considered to be constant throughout an 
experiment or to be functions of judges and of time. In 
experiments concerned with the detection of treatment 
differences, the latter alternatives are important. Cer- 
tain test characteristics may be rather intangible and 
difficult to describe with the added difficulty that per- 
sonal preferences may influence judges’ decisions. Even 
in simpler cases the research worker may desire to 
forego the tedious procedure of training and coordi- 
nating judges. In these situations tests of treatment 
differences may still be performed and a measure of the 
agreement among judges obtained, although estimates 
of over-all treatment ratings are not usually meaningful. 


The Assumptions of the Experiment 


Now consider the notation required to describe the 
experiment and the assumptions involved. The assump- 
tions will be shown to be less restrictive than those of 
analysis of variance and it follows that the technique 
may be applied to a larger class of experimental data 
involving paired comparisons. 

Consider t treatments in an experiment using paired 
comparisons. First postulate that these treatments have 
true ratings (or, in some cases, preferences) 7,, ~ eee 
™ throughout the experiment although we shall later 
relax this condition and add a second subscript indi- 
cative of some other sources of variation such as judges 
or time. 

A repetition of the paired comparisons design is de- 
fined to be a complete set of all pairs of treatments. 
Reserve n to denote the number of repetitions of the 
design, and use rj, to dénote the rank of the i treat- 
ment in the k** repetition of the pair in which treatment 
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i appears with treatment j. Estimates of 7,,..., m 
will be denoted by /,,..., p+, respectively. 

The basic assumptions of the analysis are: 1, observa- 
tions on pairs of treatments are independent ; and 2, true 
treatment ratings 7,,..., m; exist such that the proba- 
bility that treatment i obtains top rating when compared 
with treatment j is m,/(m + 2;). For definiteness, the 
sum of the treatment ratings is fixed at unity. 

These assumptions are considerably less restrictive 
than those of the analysis of variance. Independence is 
still required but this is the only assumption common to 
both methods of analysis. In the new analysis Assump- 
tion 2, immediately above, replaces the 3 remaining 
assumptions in the former. 

In certain cases, as previously noted, repetitions of 
the design may be performed by different judges or at 
different times. We can then think of true ratings 7,y, 

. » ®ty existing for the u™ judge of a group of judges 
or on the u' day of an experiment or for some similar 
classification. Methods of amalgamating the results for 
several groups will be illustrated. 

For applied work it is usually only necessary that the 
experimenter be familiar with the basic assumptions of 
a test procedure and the mechanics of applying the test. 
The mathematical considerations are omitted here but 
have been given in a separate paper (5). 


The Description of the Experiment 


The paired comparison design is technically a com- 
pletely balanced incomplete block design. We provide 
the analysis for the incomplete block design with 2 
treatments in each block. That is, in the case of ¢ treat- 
ments (7,,..., 7;) each repetition involves the rating 
of pairs 7,T,, T,T,, ..., T+,7;. The method of rating 
is simple: A judge rates the 2 unidentified elements of 
the pair identifying the one that contains more or less of 
the attribute in question (such as saltiness, rancidity, 
irritativeness, sweetness, oiliness, intensity of color, 
clearness of liquid, aroma, etc.). If an element of the 
pair has more of the attribute under study, the judge 
gives it a rank or a score of 1, if it has less, he records 
the value 2. The interpretation of the results is facili- 
tated by tables which are available. The computation is 
in general limited to simple addition except in those 
experiments wherein the number of treatments or of 
repetitions exceeds that for which tables have been 
completed. 

When more than one judge is used, two possible 
situations arise. Either the experimenter knows that 
his judges will always rate the samples consistently as a 
group or he is only certain that the judges are con- 
sistent as individuals. It is possible for two judges to 
distinguish differences among the treatments equally 
well but to be completely opposite as to the order of 
treatment ratings. This problem frequently arises with 
a new panel or with an old panel testing products very 
different from those previously used. For some attri- 
butes such as flavor and aroma it is inherently difficult 
to be certain that all of the judges agree on what con- 
st‘tutes more of the attribute and what constitutes less. 
Heretofore this anomalous situation has been an obstacle 
to interpreting results. In this paper a simple calcula- 
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tion will evaluate the test data even if the judges have 
substituted for “more of the attribute” the less precise 
measure, “preference.” 


PROCEDURE FOR ANALYSIS 


The following outline of the steps required for the 
conduct and analysis of experiments using ranking in 
paired comparisons will be useful. The outline for sim- 
plicity is written for 3 treatments but the extension to 
larger numbers will be obvious. The analysis is de- 
scribed for 2 cases, (A) where tables are available, and 
(B) where approximate solutions must be used. 


Procedure 


Step 1. (Preliminary.) Select a panel. Decide on the basis 
of past performance, the results of preliminary tests, or a 
knowledge of the experimental material whether this panel is 
to be considered as (/) consistent as a group or (C) con- 
sistent as individuals. 

Step 2. For each judge and for each repetition take 6 small 
containers and number or code them. Place 2 samples of each 
of the 3 treatments in separate, but exactly similar containers 
and record the identity of the containers. Pair the containers 
as follows: 

Pair I II Ill 

Treatment (T:) (T2) (T:) (Ts) (T:) (Ts) 


Record each pair by the Code numbers on a suitable score card 
in a random order. Now place these pairs before the judge in a 
random order together with the score card. 


Step 3. A judge will test each pair recording on the score 
card the value one (1) to that member of the pair containing 
more of the attribute and the value two (2) to that member 
containing less of the attribute. 


Step 4. Repeat steps 2 and 3 for the desired number of 


repetitions. 
Analysis 
Step 5. The experimenter will collect and decode the score 
cards, recording the ranks in the following table: 


T; T, Ts 
Score Card Peaeiqates «<< «a» x 
EE a es 2(7:) (Ts) ae x oe 
Judge 3 (72) (Ts) x a 








Total ee ee 


Step 6. Add the ranks on each score card for each treat- 
ment. Then for each treatment add the treatment totals on all 
the score cards for each judge. These 3 numbers (for 3 treat- 
ments) constitute the test data for this experiment for any one 
judge. 

A. The Method Using Tables 

Step 7(P). If one has assumed that judges are consistent 
as a group, the analysis will be as follows. For each treatment 
add the ranks sums or treatment totals for all members of the 
panel. These sums constitute the test data for the group. 


Step 8(P). Rearrange the ranks sums in ascending order, 
smallest on the left. Enter Table 1 under the total number, n, 
of repetitions made and find the entry agreeing with the re- 
arranged rank sums obtained. These rank sums appear in the 
left hand columns of the table. The extreme right hand column 
shows the significance level of the experimental data. If that 
entry is less than the predetermined rejection level of signifi- 
cance (usually 0.05 or 0.01), the experimenter may conclude 
that treatment differences exist. 


Step 7(C). If one has assumed that each judge is consistent 
as an individual but that the panel may not be consistent, a 
slightly more involved analysis follows. From Step 6, for each 
judge, rearrange the treatment rank sums in ascending order 
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from the left. Enter Table 1 for the number of repetitions made 
by each individual judge and record the B, value corresponding 
to his observed treatment rank sums. Total the values of B, to 
obtain Bf for the panel. In passing one may note the significanee 
levels of the rank sums for each judge by examining the probg- 
bility values in the right hand column as in Step 8(P). 


Step 8(C). Enter Table 2 under the number of “equaj 
groups” (usually number of judges) appropriate for the experi. 
ment and under the proper total number of repetitions and read 
the level of significance corresponding to the test value B{ of Step 
7(C). Enough values of Bf are tabled for easy interpolation, 

Treatment ratings p:, ..., p+ are entered in Table 1. 
afford a method of comparing treatment effects if interpreted 
according to the explanations of the next section. Treatment 
ratings may be obtained for the panel under analysis (/’) or for 
individual judges under (C). No treatment ratings for the 
panel are obtained under (C) due to possible contrary opinions 
among judges. 


B. The Approximate Method 


In some cases the number of repetitions in an experiment may 
exceed those for which tables are available. It is then necessary 
to amend the steps in A by substituting a calculation where the 
tables were previously consulted. If the number of repetitions 
exceeds 10, the following approximate tests should be acceptable. 


Steps 7(P) and 8(P). Estimates may be obtained for p, 
..., pe by solving equations of the form 
2n(t.—1) — irs n n 


pi pi + ps pr t+ pu 
using the notation previously defined and where =r; is the rank 
sum for treatment i obtained in Step 6. The solution of these 
equations is difficult and when required one might consult a 
mathematician. 

In some special cases one may avoid the necessity of solving 
the equations for p:,..., pe. These occur firstly when » and the 
test data of Step 6 (for example, for 3 treatments, =r, Br, 
rs) are all divisible by the same integer c and n/c repetitions 
are given in Table 1. Then, values of p:, ps, ps, may be read 
directly from that table for the entry 2ri/c, Urs/c, Ure/c under 
n/c repetitions. Secondly, when not all Er:/c, Ers/c, Ure/c are 
integers but m/c is an integer, this set of numbers will fall 
between two sets of rank sums in Table 1 under n/c repetitions. 
Then approximate values of p:, p:, ps may be obtained by inter- 
polation. The best approximations will be obtained when the 
smallest possible integer c is used. 

When satisfactory estimates ~:, p:, ps, are obtained, 3, may 
be computed immediately by substitution in the formula, 

B, = n log(f~: + p:) + m log(pi + ps) + » log( ps + ps) 
— [2n(t—1) — =r:] log ps — [2n(t —1) — Zrejlog & 
— [2n(t—1) — =r] log ps 


where common logarithms are used. For 3 treatments ¢ has the 
value 3 in the above formula. The formula for more than 3 
treatments will be obvious. 

The approximate test corresponding to Step 8(/’) is obtained 
by computing x/_, = (0.6932)nt(t — 1) — (4.6052) Ba, where 
the subscript (¢ — 1) denotes the degrees of freedom used to 
select the appropriate row in the table of chi square. Large 
values of chi square are indicative of true treatment differences. 


Steps 7(C) and 8(C). When the data are to be combined 
under the assumption of Step 7(C), it is necessary to compute 
B, for each judge or division of the experiment. In sensory 
difference work it is unlikely that a single judge performs more 
repetitions than the values tabled. However, if this does happen, 
one must approximate the values of ~:,... , p: and B, as de 
scribed above. Values of B; are necessary for each division of 
the experiment. These values are summed to obtain Af as de 
scribed in Step 7(C). 

Very often Bf will be based on more repetitions than the 
tables permit. To make the combined test, we compute 


Xiu» = (0.6932) nt(t —1) — (4.6052) BY 


where g is the number of judges or divisions. Again large 
values of chi square are indicative of true treatment differences 


=0O,1 = 1,...,4 
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A TEST OF AGREEMENT 


Two test statistics are available for over-all panel tests 
of treatment differences and the choice of the proper one 
depends on the a priori assumptions on the behaviour 
of the panel members noted at the begnining of this sec- 
tion. These statistics B, and Bf may be used to test the 
agreement among panel members. An approximate test 
is given by 


es sie—4: (4.6052) (B, — Bf) 


This chi square has (g —1)(t— 1) degrees of freedom 
and large values indicate disagreement among panel 
members. B, always exceeds Bf. 


TABLES AND THEIR INTERPRETATION 


The main body of tables for this experimental pro- 
cedure and analysis will be included in the mathematical 
paper (5) on this method. Listed in the present article 
are sections from both Tables 1 and 2 below to illustrate 
their form and interpretation. These tables are so 
chosen to be sufficient for the illustrative example which 
follows. 

Table 1 gives the values of the likelihood ratio 
statistic B, and the likelihood estimates of the true treat- 
ment ratings ~,, P., p, together with the probabilities 
that B, will not be exceeded. The sums of squares of 
deviations (S. S.) for treatment rank sums are included. 
The » is the number of repetitions of the design. 
Parentheses contain combinations with equal values of 
B,. Sr; is the sum of ranks for treatment i. 


TABLE 1 
The distribution of the likelihood ratio for general alternatives 
In In tre] & t ot | SS. | By | Probability 
rel Neen i: 8 a pcos ane 
w 1s 2/10 of oo | so jo | 0.0002 
1 13 20 0.8000 9.2000 4 | 42 | 1.0866 | 0.0020 
12 13 0 6.5000 0.4000 $3 38 | 1.4614 0.0057 
ie. | 9.8108 0.1583 0.0309 | 32 | 2.2744 | 0.0112 
2 14 19 | 0.6376 0.3180 O.0s7af | 26 | 2.7669 | 0.0386 
NB SNe Gare SeNeh) 20 | ase | eases 
12 15 18 | 0.6570 0.2488 0.0942 18 | 3.3725 | 0.1000 
15 1s 1B | Osio9 0.3780 O.1091$ | 14 | 3.6454 | 0.2464 
13 15 17 | 0.5324 0.2993 0.1683 8 | 4.0344 0.4039 
Bo SE SENS SEP] - «| ass | esess 
14 15 16 | 0.4268 0.3253 0.2479 2 4.3987 0.9313 
15 15 18 | 0.3333 0.3333 0.3333 __ 0 | 4.5154 1.0000 








* Extracted from Appendix A, (5). “‘S.S."" denotes the sums of squares 
of deviations for treatment rank sums. 


In Table 1 treatment rank sums are listed in ascend- 
ing order from the left for convenience since any permu- 
tation of these sums leads to the same conclusion relative 
to the hypothesis of no true treatment differences. One 
must, of course, be consistent in the association of treat- 
ments with the subscripts on the rank sums and p’s of 
Table 1. [See Step 8(P).] 

The interpretation of the estimated treatment ratings, 
bis Po, Pg, Tequires some care. In general, pairwise com- 
parisons are valid in the sense that when treatment 7; is 
compared with 7,, the probability that 7; is rated above 
T; is estimated t. be pi/(~; + ~;). When interest is 
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centered on the relative positions of more than 2 treat- 
ments, differences between logarithms (log p;) of esti- 
mated treatment ratings lead to valid judgments. 

The statistic B, and the “Probability” of Table 1 have 
been discussed in Step 8(P). The column headed S. S. 
(the sum of squares of rank sums about their mean) 
was only included due to interest in sums of squares 
through association with analysis of variance. 

Table 2 gives selected values of the combined likeli- 
hood ratio statistic, Bf, together with cumulative proba- 
bilities (levels of significance) associated with each 


TABLE 2 


The distribution of the combined likelihood ratio 
for general alternatives ‘ 

















tf 5 @ -# 1 we we eee 
3 equal groups 

n is 6 nis 9 n is 12 | nis 15 
0 0.001 2.5112 0.001 5.3727 0.001 | 8.0688 0.001 
1.2042 0.016 2.7093 0.002 6.2191 0.005 | 9.0642 0.005 
1.4984 0.030 3.3405 0.005 6.6031 0.010 | 9.4794 0.010 
1.8063 0.041 3.7357 0.011 7.0209 0.021 9.8945 0.020 
2.1005 0.101 4.1698 0.022 7.1379 0.026 | 10.0456 0.025 
4.5097 0.032 7.3265 0.030 10.1738 0.031 
4.5883 0.040 7.5495 0.042 10.4352 0.039 
4.7466 0.052 7.6341 0.049 10.5704 0.052 
4.9835 0.063 7.8146 0.059 10.6882 0.060 
5.0224 0.071 7.9079 0.068 10.8049 0.066 
5.2205 0.101 8.0181 0.083 10.9031 0.080 
8.0781 0.088 10.9594 0.090 


8.1351 0.100 | 10.9858 0.097 


© Extracted from Appendix B, fF}. Table 2 is used in Step g(C). 
tabular value. Only groups of equal size are considered. 
Thus if is the total number of repetitions of the design 
and 3 groups are considered, each group contains n/3 
repetitions. 

B¢ is computed by adding values of B, for each group 
as obtained from Table 1. Only values significant at 
approximately the 0.10 level of significance or higher 
are recorded and these are selected for easy inter- 
polation. 

AN ILLUSTRATIVE EXAMPLE 


The following example is hypothetical and designed 
to illustrate the new method as simply as possible. 
Some indication of the actual applications of the method 
are given in the conclusion. Since those experimental 
results deal with basic research in various fields, the 
findings of those experiments and the applications of 
this technique are more properly deferred for publication 
by the research workers involved. Results and implica- 
tions of industrial applications are not availabie for 
publication. 

Assume that samples are taken from 3 varieties of 
sweet potatoes (perhaps Nancy Hall, Virginian, and 
Puerto Rico) processed as canned sweet potato and 
prepared for tasting by a standard home-cooking 
method. The attribute under test is sweetness. There 
are 3 judges, who have had considerable experience 
with organoleptic tests with sweet potatoes, available 
for this experiment. It is believed, but not known, that 
the 3 judges are consistent as a group in the evaluation 
of the apparently simple attribute, sweetness. Proceed 
with the experiment following Steps 1-6 and with the 
analysis following the steps of Subsection A with the 
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Tables. It is possible to verify the assumption of group 
consistency by the test of agreement. 

The summary of the test data for sweet potatoes of 
varieties A, B, and C for judges 1, 2, and 3 of Step 6 
is as follows: 

. TABLE 3 
Summary of test data in example to illustrate new method 








1 

















Variety 

Judge —- — 
n A B Cc 

1 5 19 12 14 

2 5 19 11 15 

3 5 18 16 11 

Rank sum... ; 15 56 39 40 


To test the hypothesis that there are no varietal dif- 
ferences in sweetness, we must, on the assumption that 
judges are consistent as a group, follow Steps 7(P) 
and 8 (P). In addition, the total number of repetitions, 
n = 15, is outside tabled values and the analysis falls 
under “Subsection B. The Approximate Method.” 

Divide the total row of the summary table by 3 and 
arrange the rank sums so divided in ascending order. 
Table 1 is used for interpolation and the entry is made 
under n = 5. The process of interpolation is shown in 
Table 4. 














TABLE 4 
Interpolation for treatment ratings for data given in Table 3 
3 [En te re | be Ps 
Table Entry 1 | 13 14 18 0.5129 0.3780 0.1091 
(Observed) /3 13 13% 18% 0.49334 0.44184 0.07144 
Table Entry 2 a. @ 19 0.4737 0.4737 0.0526 





4 Obtained by near interpolation. 


The estimated values of p,, p., ~, add to 1.0065 and 
may be adjusted to add to unity by division yielding 
values 0.4901, 0.4389, and 0.0710, respectively. B, 
and x3 are computed from the formulas given and we 
obtain * 

B, = 9.6199 and x3 = 18.09 


This value of chi square is significant at the 0.001 sig- 
nificance level. It is concluded therefore that the 
varieties have different levels of sweetness. The esti- 
mated treatment ratings indicate that variety A is not as 
sweet as varieties B and C. 

In order to check the assumption of group con- 
sistency, make the test of agreement. This requires 
values of B, for each judge as obtained from Table 1. 
Then, B¢ = 2.7669 + 2.2744 + 2.7669 = 7.8082. The 
statistic, 


xi = 4.6052 (9.6199 — 7.8082) = 8.30. 


This value of chi square is not significant at the level 
0.05. It is large enough however to indicate that the 
assumption of group consistency should be critically 
examined for future experimentation with this panel. 

If the experimenter had chosen a priori to admit the 
possibility of judge disagreement, he would have fol- 
lowed Steps 7(C) and 8(C). It has already been shown 
that Bg = 7.8082. Enter Table 2 under “3 equal 
groups,” m = 15 and note that the observed value 


* Exact values of pi, ps, and ps are 0.4896, 0.4391, and 0.0713, 
respectively. Then B, = 9.6200 and x3 = 18.09. 
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of Be is significant at the 0.001 level. The conclusions 
would be unchanged in regard to the existence of treat. 
ment differences. 


CONCLUSION AND SUMMARY 


An experimental technique and analysis has been 
presented for paired comparisons which is simple and 
efficient in the sense that relatively small numbers of 
observations are required. The design has the advan- 
tage that it may be understood by the layman and the 
analysis requires no specialized statistical training. The 
method has enough flexibility to be adaptable to much 
sensory difference testing in that the effect of judges 
or groups may be controlled and a test of agreement 
performed. 

Estimates of treatment ratings are provided which 
may be interpreted in a pairwise fashion and the loga- 
rithms of these ratings provide a scale of comparison 
for several treatments. This scale is a somewhat nebu- 
lous one but it should be noted that almost all scales 
used in subjective experimentation are somewhat 
arbitrary. 

The procedure has been applied in numerous labora- 
tory experiments which include the following at the 
Virginia Agricultural Experiment Station : 

A. Testing for differences in cooked fresh pork and cured 
hams due to effects of diet. 

B. The detection of benzene hexachloride and other insecti- 
cides in peanut butter. 

C. The detection of color differences due to hormone spray 
treatments in a number of varieties of apples. 

D. Testing for the effect of monosodium glutamate in apple 
sauce and dehydrated apples. 

The authors are extending the new design and 
analysis to incomplete block designs with 3 treatments 
in a block and this will be the subject of a later report. 
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Preservative Effect of Various Concentrations of Curing Salts 
in Comminuted Pork*" 
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The preservative effect of sodium chloride, sodium 
nitrate, and sodium nitrite in comminuted pork trim- 
mings has been investigated. The pork was inoculated 
with known amounts of P. A. 3679 spores and incu- 
bated at 98.6° F. (37° C.) after which the preserva- 
tive effect of the curing salts was determined by bac- 
teriological and chemical analyses as well as by the 
appearance of the meat. The minimum amounts of the 
curing salts necessary both singly and in combination 
for the preservation of the meat are reported and 
discussed. 


Processing schedules used by various manufacturers 
to assure satisfactory shelf life of canned meat products 
differ widely. However, regardless of the processing 
times followed in sterilizing pork luncheon meat 
products in 12-ounce oblong or 40-ounce round tins, no 
concrete evidence has ever been received from the field 
that any of these meats were understerilized (16). A 
similar item merchandized in 3- and in 6-pound rec- 
tangular cans generally is considered to be under- 
sterilized since the heat believed necessary to destroy 
spores would cause excessive rendering and purging of 
the meat and result in an unpalatable product having 
low drained weight. While the perishable product does 
not have the pronounced canned or “overcooked” flavor 
associated with the item receiving a sterilizing treat- 
ment, the necessity of refrigeration restricts the use of 
luncheon meat packed in the larger containers. 

Most spoilage of canned meat is considered to be 
caused by the group of bacteria known as putrefactive 
anaerobes. These organisms have heat resistant spores 
which can germinate and decompose meat under the 
anaerobic conditions provided within the sealed con- 
tainer. Generally, non-acid food, such as meat, is given 
a heat process calculated to destroy spores of Clos- 
tridium botulinum, an extremely toxigenic putrefactive 
anaerobe. Before a process of lower sterilizing value can 
be used, these and other viable putrefactive anaerobic 
spores must either be absent or be inhibited to a point 
where they will not produce toxin or cause spoilage. 
Earlier results from this laboratory (2) and elsewhere 
(8) have shown that fresh and cured pork trimmings 
contain light loads of anaerobic spores. Since these 
organisms have been found to persist in the product, it 


* Journal Paper No. J-2076 of the lowa Agricultural Experi- 
ment Station, Ames, Iowa. Project No. 1017. Presented at the 
Twelfth Annual Meeting of the IFT, Grand Rapids, Michigan, 
June 9, 1952. 

*This paper reports research undertaken in cooperation with 
the Quartermaster Food and Container Institute for the Armed 
Forces, and has been assigned Number 374 in the series of papers 
approved for publication. The views or conclusions contained in 
this report are those of the authors. They are not to be con- 
strued as necessarily reflecting the views or indorsement of the 
Department of Defense. 

“Present address: Goodyear Tire and Rubber Company, 
Akron, Ohio. 
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seemed important that the tolerance of such forms of 
life for the several chemical agents which comprise 
curing salt mixtures should be determined. 


While the preservative value of curing salts has been 


recognized for some time, many conflicting reports re- | 


garding the concentrations which proved effective 
against putrefactive anaerobes are to be found in the 
literature.. Some of the causes of these discrepancies 
were explained by Tanner and Evans (17, 18, 19) who 
observed that species and strains varied in susceptibility 
to the same salt and that similar organisms tolerated 
various levels of the same salt in different substrates. 
These workers also pointed out that another possible 
reason for contradictory results was the failure of many 
investigators to control salt concentrations by chemical 
analyses. The hydrogen ion concentration of the 
medium used to test the salt -was shown to have an 
important influence upon the results by Tarr (20) who 
found that sodium nitrite was a more effective preserva- 
tive in acid media. Lack of agreement of results might 
be due also to use of different spore loads in the curing 
salt tests. Jensen and Hess (9) and Stumbo, Gross, and 
Vinton (15) have shown that, as the number of spores 
added is increased, the curing agents are less effective 
in preventing spoilage. 

There appears to be agreement among investigators 
on the value of sodium chloride in checking putre- 
factive anaerobic spoilage of canned meat, but there is 
difference of opinion regarding the preservative value 
of sodium nitrate and sodium nitrite. Ordinarily, com- 
mercial mixed cures contain relatively small amounts of 
sodium nitrate and sodium nitrite as compared with the 
amount of sodium chloride used. From a study made by 
Moulton and Lewis (11) they conclude that NaNO, and 
NaNO, exerted a specific inhibitory effect greater than 
that of an equal amount of NaCl. Yesair and Cameron 
(21) also concluded from their studies that nitrate and 
nitrite had a specific effect. On the other hand, Evans 
and Tanner (3) reported that putrefactive anaerobes 
would tolerate concentrations of a commercial mixture 
of NaCl, NaNO,, and NaNO, up to the level where 
NaCl was effective when used alone. Gross, Vinton, 
and Martin (6) pointed out that the amount of NaNO, 
used in canned cured meat is too small to be of preserva- 
tive value and that NaNO,, while an effective pre- 
servative, is destroyed during the heat process. 

It has been suggested by Jensen and Hess (9) that, 
in the presence of curing salts, putrefactive anaerobic 
spores may be destroyed at lower temperatures than in 
their absence. However, investigations by Yesair and 
Cameron (21) and by Stumbo, Gross, and Vinton (15) 
showed that the heat resistance values for putrefactive 
anaerobic spores were the same in cured as in uncured 
meat. 
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The present study was undertaken to determine levels 
of the 3 curing salts which would be tolerated by putre- 
factive anaerobes in comminuted pork trimmings. Also, 
the effectiveness of a commercial curing salt mixture 


was investigated. 
EXPERIMENTAL 


Pork samples were obtained after they had been collected by 
a member of the laboratory staff of a commercial meat packing 
plant. In securing samples, aseptic precautions were taken in 
transferring portions of the meat from each of the various 
trucks in the assembly room to a sterile metal container. Since 
the samples consisted of lean trimmings from the belly, jowl, 
backbone, loin end, lean butt, neckbone lean, blade meat, ham 
trims, and picnic trims and were selected from various loads, 
they represented meat from a considerable number of hogs. The 
composition of the pork trimmings was recorded and consisted 
of about 75% lean and 25% trimmable fat. The percent fat con- 
tent was not determined by extraction but was that amount 
that could be trimmed by knife using ordinary care. Gross (5) 
indicated that at a level of 75 to 25 the trimmable fat and 
extracted fat values are approximately the same. After filling 
a 6-pound luncheon meat can with known quantities of each of 
the different types of trimmings in proper proportion, the can 
was hermetically sealed and immediately placed on a re- 
frigerating coil at —25° F. (—31.7°C.). The contents were 
maintained in the frozen state during transit and until just prior 
to sampling in the college laboratory. 

In order to prepare the wneat for use, the can of frozen pork 
trimmings were placed in funning tap water [60-65° F. (15.6- 
17.7° C.)] for “% hour and, after opening the cans observing 
aseptic precautions, chunks of the still partially frozen meat 
were ground in a sterile meat grinder equipped with a %¢ inch 
grinding plate. Following grinding the can contents were 
blended in a KitchenAid Model K4-B mixing bowl for 5 minutes 
at speed 10. 

A standard spore suspension was made by transferring an 
inoculum of Clostridium species, No. 3679 National Canners 
Assoc. (P.A. 3679) to agar slants of Difco Linden thioglycollate 
medium modified by the addition of 1.5% agar and 0.1% soluble 
starch. The slants were incubated in the presence of purified 
“Seaford” nitrogen gas in accordance with the method described 
by Ogilvy, Burke, and Ayres (12) at 98.6° F. (37° C.) for 10 
days. At that time a microscopic examination was made to 
determine purity and the presence of spores. The growth was 
washed from the slants with sterile physiological saline into a 
sterile container where it was heated at 176° F. (80° C.) for 
20 minutes to destroy the vegetative cells. The spore suspen- 
sion was held at 33° F. (0.6° C.) and, from time to time, counts 
were made using the “Most Probable Number” (M.P.N.) 
method. 

Chemically pure curing salts were used, and in each instance 
a spore count was made to ascertain the degree of con- 
tamination. 

The pork had a pH range of pH 5820.2. Addition of 
curing salts did not alter the pH of the fresh pork to any 
appreciable extent. 

The preservative value of each of the salts was estimated in 
a preliminary experiment and, after the levels of the agent 
that would prevent germination completely had been deter- 
mined, a retest was made using from 3 to 4 salt concentrations 
within that immediate range. Unsalted pork was used to check 
the effect of the added salt while uninoculated pork was tested 
to determine the extent of contamination of the meat. Each of 
from 5 to 7 replicate tubes were filled with approximately 15 g. 
of meat containing the appropriate level of salt and number of 
spores. A sterile calking gun fitted with an attachment for 
delivering the meat paste to the bottom of the test tube was 
used; care was taken to avoid entrapping excessive amounts of 
air. The tubes were held overnight at 33° F. (0.6° C.) and then 
heated in a water bath to an internal temperature of 176° F. 


*The authors are indebted to John Morrell and Company 
whose bacteriologists carefully collected and packed the lots of 
meat used in this study. 
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(80° C.) for 20 minutes. After heating, one tube from each set 
was placed aside for the initial spore count and salt analysis; the 
remaining tubes were sealed immediately by the addition of g 
layer of sterile paraffin and then were incubated at 98.6° FP. 
(37° C.) and examined at intervals of 1, 2, 4, 7, 14, and 28 days 
for visual signs of spoilage as indicated by color changes, gas 
production, and digestion of meat. At the end of 28 days one 
sample was withdrawn from each set for a spore count and 
salt analysis. In addition, this opened tube was judged for 
spoilage by odor and texture of the meat. 

Spore counts were made by weighing 10 g. of meat, placing 
the meat in a Waring blendor and adding 250 ml. of physiologi- 
cal saline. After meat and saline were blended for 10 minutes, 
5 replicate 10 ml., 1 ml., and 0.1 ml. quantities of the mixture 
were each added to tubes containing Difco Linden thioglycollate 
medium which had been modified by the addition of 0.1% 
soluble starch. These tubes then were heated at 176° F. (80° C.) 
for 20 minutes, sealed with a layer of sterile paraffin, and incu- 
bated for 10 days at 98.6° F. (37°C.). At the end of the 
incubation period positive tubes were determined by color 
change, meat digestion, cloudiness, and putrefactive odor; a 
microscopic examination was made of material from suspected 
and spoiled tubes. From the number of positive tubes in each 
dilution the most probable spore count was obtained by re- 
ferring to M. P. N. tables. 

Chloride was determined by precipitation with a known 
amount of standard AgNO, and titration of the excess Ag* 
with standard KSCN. The organic matter in the meat sample 
was destroyed by ashing in an oven or by wet oxidation with 
HNO, and KMnQO,. Results using the wet oxidation method 
proved to be both faster and more reproducible and, after the 
initial experiments, this latter procedure was used exclusively. 
A modification of the Schléssing-Wagner, or FeClo, method, 
recommended by Blake and Lewis (1) was used to determine 
nitrate. Sodium nitrite was determined by the method given by 
Morpeth (10) in which the nitrite ion is reacted with sulfanilic 
acid and a-naphthylamine to produce a red colored compound 
the intensity of which is an index of the nitrite present. Color 
intensity was measured by means of an Evelyn photoelectric 
colorimeter. 

RESULTS 


Sodium chloride. Various levels of sodium chloride 
were tested in attempts to determine the approximate 
minimum concentration of that salt required to prevent 
spoilage of inoculated and uninoculated pork trimmings. 
The amount of sodium chloride required in the meat 
containing no added spores varied from 2.0 to 4.3% 
between experiments. It was found that when the un- 
salted controls spoiled quickly, higher salt levels were 
necessary to keep the meat. 

When a load of 175 spores of Clostridium spp. (PA. 
3679) per g. was added to pork, sodium chloride at a 
level of 4% by weight extended the storage life of the 
meat an additional 3 weeks beyond that of the raw un- 
salted meat or of pork containing only 2% added 
sodium chloride (Table 1). None of the inoculated 
samples containing 6% or 8% NaCl spoiled within the 


TABLE 1 


Spoilage of inoculated ° containing different levels 
of NaCl (5 tubes) 























Percent spoilage with incubation times 
Sodium chloride at 98.6° F. (37° C.) of 
Added rT 1 week 4 weeks 10 months 
% % 
0 0.1 100 
2.0 2.1 100 an 
4.0 4.1 0 100 * 
6.0 6.1 0 0 0 
8.0 8.2 0 Si 6): 50 ae 





* Analyzed to contain 175 P.A. 3679 spores per g- 
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10-month holding period. In another trial, sodium 
chloride at a level of 5% was shown to delay the onset 
of spoilage by at least 6 months. Using these findings 
to establish the maximum and minimum limits of a 
bacteriostatic range, an attempt was made to determine 
more accurately the minimum inhibitory level. Con- 
centrations of 3.5, 4.0, and 4.5% NaCl by weight were 
added to pork trimmings; also, samples containing no 
added salt and others containing neither salt nor or- 
ganisms were used as controls. Each of two separate 
lots of pork were inoculated with 50 spores-per g. of 
P.A. 3679. Results are shown in Table 2. 

From these results it may be observed that the critical 
concentration of sodium chloride appears to be in the 
neighborhood of 4.0%. Although the minimum level 
of salt resulting in preservation was not always the 
same, undoubtedly the lack of reproducibility was due 
in part to the variability of spores normally present in 
the fresh pork as well as to those added. The number of 
spores present in the meat before inoculation was indi- 
cated by the fact that from 33 to 100% of the uninocu- 
lated tubes also immediately underwent spoilage anaero- 
bically. A difference in susceptibility to sodium chloride 
among the various anaerobic spores normally present in 
meat would be expected. 

Of some interest is the observation that, at a load of 
175 P.A. 3679 spores per g., 4.1% NaCl did not prevent 
spoilage for 4 weeks (Table 1) but that when a smaller 
number of spores, 50 P.A. 3679 spores per g., were 
used (Table 2), lower levels of the agent were suffi- 
cient to preserve the meat. 

Length of the incubation period also figured in the 
evaluation of the preservative properties of sodium 
chloride. As shown in the second trial in Table 2, none 
of the tubes containing 3.7% NaCl had spoiled during 
a 9-week incubation period but, at 16 weeks, all had 
spoiled. 

A possible explanation for growth after long periods 
of incubation was offered by Halvorson (7) who sug- 
gested that hydroperoxides are likely to be present in 
media containing unsaturated fatty acids, that these 
peroxides can be decomposed by various types of 
enzymes, and that there may be a small amount of such 
enzyme activity in spores. Also, Halvorson postulates 
that, if there are a small number of spores, the peroxides 
may remain stable for relatively long periods of time 
but that upon standing they gradually disappear to a 
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point where the spores can germinate. An interesting 
corollary to the above hypothesis would be that sodium 
chloride delays spore germination by interfering with 
enzyme elaboration. 

Sodium nitrate. Since Tanner and Evans (17) indi- 
cated that the concentration of the curing agent (rather 
than the specific effect of the salt used) was the critical 
factor, the range, 3.5 to 4.5% sodium nitrate was 
selected for a preliminary trial. However, after a 
l-week incubation period, signs of spoilage were evi- 
dent in all tubes at every nitrate level. Typical anaer- 
obic spoilage appeared first as a reddening of the meat. 
This was followed by darkening, foul odor, digestion 
and, with but few exceptions, gas production. Another 
type of spoilage in meat containing nitrate and arbi- 
trarily considered as atypical, was characterized by 
change in color to gray-green, much gas production, no 
foul odor, and no extensive digestion. The pigment of 
the latter probably was similar to the oxidation pigments 
described by Greenwood, Urbain, Jensen, and Lewis 
(4) and caused by action of excess nitrite, oxygen, and 
microorganisms upon meat pigments. All spoilage of 
this type occurred within the first week of storage and 
did not increase upon further incubation (Table 3). 


TABLE 3 


Typical and atypical spoilage of inoculated" pork containing 
different levels of NaNO; (6 tubes) 


























| Sodium nitrate "| Percent spoilage with incubation times 
Type —___—_—__—____—_—_—_———| in weeks at 98.6° F. (37° C.) of 
spoilage Found by 
- | Added | analysis 1 2 4 12 
(ees Ces —_—- oe. 
Atypical 0 0 0 0 0 0 
3.5 3.5 17 17 17 17 
4.0 4.1 33 «| «33 33 33 
4.5 4.7 33 33 33 33 
Typical 0 0 | 100 sons eons 
3.5 3.5 0 } 0 17 83 
4.0 4.1 } 0 | 0 0 0 
4.5 4.7 ‘| > ee 0 0 





Ld Approximately 50 oP. A. 3679 spores per g. 


Some inhibition of anaerobic spoilage was noted in 
meat containing 3.5% NaNO, but, as was the case 
wherein NaCl was used at this level, the meat spoiled 
upon prolonged storage. Similarly, 4.1 and 4.7% 
NaNO, preserved meat for at least 12 weeks. 

Since atypical spoilage appeared to be caused by an 
organism other than a_ putrefactive anaerobe, an 


TABLE 2 


Spoilage of inecatates © pork comtaining different levels of NaCl 


Sodium ‘chloride 
No. of 


F ound by tubes 
Added analysis 
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5 3.6 
0 4.0 
5 


4 
- 
= 





ADBADH 


Uninoculated pork 0 0.1 
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U __Uninoc ulated pork 0 01 





Pe reent _Spoilage with incubation times at 98.6 6° > F. ar ©) > of 











1 week 2 weeks 4 weeks | 9 weeks 16 weeks 
100 
0 0 0 100 
0 0 0 0 
0 0 0 0 
33 67 678 100 
100 
0 0 0 0 } 100 
0 0 20 20 40 


0 0 0 0 0 





ae e, Approximately 50 P. A. ‘3679 spores per g. 
®* 4 tubes spoiled; other 2 doubtful. 
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aerobic as well as an anaerobic spore count was made 
after the meat had incubated for 4 weeks. Atypically 
spoiled meat contained large numbers of spores capable 
of growing aerobically. 

Also, nitrite analyses indicated approximately 2000 
p.p.m. of NaNO, in atypically spoiled meat and none 
in sound or in anaerobically spoiled meat. These results 
indicate that atypical spoilage was due to an aerobic or 
facultative spore former which reduced nitrate to nitrite. 
These organisms were able to tolerate 10% NaNQ,. 
Quastel and Stephenson (73) have shown that nitrate 
can take the place of oxygen in the metabolism of some 
organisms. 

In order to avoid the presence of spore forming 
aerobes, sterile cooked pork was used and a similar 
experiment was performed. Results corresponded to 
those of the first nitrate experiment if the atypical 
spoilage in the earlier trial is ignored (Table 4). 


TABLE 4 


Spoilage of inoculated ' cooked pork containing 
different levels of NaNO, (5 tubes) 














Jat . ; ; Percent spoilage with incubation time 
Sodium nitrate in weeks at 98.6° F. {37° C.) of 





Found by ‘ 








Added analyeie 1 : 2 S 10 
ee % re + ae % : - a - . is 
0 0 100 
2.9 3.1 100 ; 
34 3.8 0 100 si - 
3.9 4.1 0 0 0 | 0 





! Approximately 50 P.A. 3679 spores per g. 


Sodium nitrite. Preliminary experiments wherein 
widely different concentrations of sodium nitrite were 
used indicated preservation of pork at much lower levels 
than those which were effective with sodium chloride 
or sodium nitrate. Also, at high nitrite levels, rapid 
spoilage of the atypical kind observed in the first nitrate 
experiment occurred. A preservative effect was indi- 
cated at levels of from 0.04 to 0.08% NaNO, (Table 
5) and longer storage life was observed for meat pre- 
served with the higher nitrite concentrations. As shown 
by comparing the amount of nitrite added with that 
found by analysis, some destruction took place during 
the heat process. According to Greenwood, Urbain, 
Jensen, and Lewis (4), nitrite destruction probably is 
caused by reaction with meat protein and is accelerated 
by elevated temperature. Chemical analyses made after 
4 and 16-week storage periods indicate a continuing 
loss. Spoiled meat indicated absence of residual NaNO, 
and one sample that was still sound had only 0.0004% , 
nitrite. Other workers, notably Ruyle and Tanner (14) 


have reported complete disappearance of nitrite jn 
canned meats after several months of storage. 

There was an appreciable reduction in the anacrobic 
spore count using the M.P.N. method, in preserved 
meat containing nitrite after it had incubated for 28 
days (Table 6). However, since companion tubes to 


TABLE 6 


Anaerobic spore counts of meat containing different 
levels of NaNO- 


Spores per g. pork 














Sodium nitrite ais 
added by wt. At start of incubation | After 4 weeks incubation 





% 


0.04 | 47 2 
0.05 nee 71 1 
0.06 | 56 <1 
0.07 } 38 1 
0.08 ; | 115 1 


those having a low spore count after the 4 week incuba- 
tion period eventually spoiled, spore inhibition was not 
complete. The question might be raised whether growth 
of spoilage organisms may be due not to the develop- 
ment of tolerance for nitrite but rather to a gradual 
lowering of nitrite concentration until a non-toxic level 
is reached. 

Mixed curing salts. Inoculated as well as uninocu- 
lated pork was used to test combinations of curing 
agents. The salts, sodium chloride, sodium nitrate, and 
sodium nitrite, were tested singly and in combination in 
concentrations used commercially (Table 7). In un- 
inoculated meat, nitrite in combination with sodium 
chloride or nitrate appeared to extend storage life of the 
pork (Table 7A). From results of experiments in which 
inoculated meat was stored (Table 7B) it is noted that 
none of the salts or salt mixtures preserved pork upon 
prolonged incubation. The combination of all three of 
the salts was found to be the most effective but even 
this mixture could be tolerated by anaerobes when the 
meat was incubated at 98.6° F. (37° C.) for 19 weeks. 
In these experiments all inoculated control tubes spoiled 
within the first 24 hours of incubation. When used 
singly or with NaNO,, neither NaCl or NaNO, had 
much preservative effect. On the other hand, the com- 
bination of chloride and nitrite had inhibitory action. 
In the experiment wherein NaNO, was introduced 
alone at the maximum tolerance permitted in meat 
products, spoilage was delayed to some extent and 
3.5% NaCl when used alone also slightly prolonged 
storage life. When used by itself at the 0.125% level, 
NaNO, had no preservative effect. 


TABLE 5 


Sodium nitrite 


Spoilage of inoculated’ pork containing different concentrations of NaNO: 








Percent spoilage with incubation time in weeks 


pee 





Found by analysis after pote 


at 98.6° F. (37° C.) of 

















No. of tubes Adiet time in weeks o + ac Saaee 2 
0 4 16 | 1 2 4 16 
% % | % % 
5 0 0 0 aus 100 
6 0.04 0.037* 0.0046 0 33 66 66 100 
5 0.06 0.056 0.0058 0 20 20 20 100 
5 0.08 0.073 0.0080 0.0004 0 ia 0 20 





’ Approximately 50 P.A. 3679 spores per g. 
* Percent NaNO, in sound samples of inoculated pork. 
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/or NaNO: at levels used in commerce 








Spoilage of pork containing NaCl, NaNO, and 























gi : ; ; S Be P t spoilage with i tion times i 
| Spores Sodium chloride Sodium nitrate Sodium nitrite megane a 08 6° Jncabe C) i ™ 
sa) | No. of Bee See Eee sees ee aiid iiaieninadeaneted: . RES ane 
a va : tubes | Found by Found by | Found by | 
j | 3 | 3 | 
Added | analysis | Added | ‘analysis | Added | ‘analysis se 4 | 12 | 16 19 
A. Uninoculated | e | & | &-} & v2 % 
meat | | 
1 <1 5 0 0.1 0 0 0 0 20 20  —_— a 20 20 
5 3.5 3.6 0.125 0.13 0.015 0.0083 0 0 YT ere 0 
2 <1 6 0 0.1 0 we 0 0 17 17 viet a 
h 3.5 3.6 0 0 0.017 0.0095 0 0 0 i 0 
} } 
3 32 5 0 0.1 0 | 0 0 0 100 RES ; a 
5 i. he 0.125 | 0.13 0 0 100 ‘S aS a) 
4 52 5 0 0.1 0 0 0 0 80 100 pbs ude ss . a 
5 0 0.1 0.125 0.13 0.017 0.012 40 40 40 | 40 |} 40 40 
B. Inoculated ! | 
meat | 
1 5 3.5 3.6 0.125 | 0.13 0.015 0.0083 0 0 0 0 | 20 100 
2 5 3.5 3.4 9 0 0.017 0.012 0 0 0 100 om 
5 0.1 0 0 0.017 0.012 0 80 100 | 
5 3.5 3. 0 0 0 0 0 | 100 ar 
3 4 3.5 3.7 0.125 0.13 0 0 50 100 1m a 
4 4 0 0.1 0.125 0.12 0.017 0.011 100 
5 5 0 0.1 9.125 0.12 0 0 100 | 
Control 5 0 0.1 0 0 0 0 100 2 AES in? Oe 





1 Approximately 50 P.A. 3679 spores per g. added. 


SUMMARY 


An investigation was made of the effective preserva- 
tive levels of the curing agents sodium chloride, sodium 
nitrate, and sodium nitrite in comminuted pork trim- 
mings. The minimum concentration of each salt that 
would preserve pork inoculated with known loads of 
P.A. 3679 spores (approximately 50 per g.) was de- 
termined after incubation at 98.6° F. (37°C.) by 
bacteriological and chemical analyses as well as by 
appearance of the meat. Tubes of meat were heated 
to kill vegetative cells after which the pork trimmings 
were layered with melted paraffin to insure anaerobiosis. 
Anaerobic spore counts and curing salt analyses were 
made of representative samples at the time that the meat 
was placed in the incubator and again at the time of 
spoilage or at the end of 28 days (or more) of incuba- 
tion. Varying degrees of bacteriostasis were shown by 
levels of 3.5 to 4.4% NaCl while no spoilage was 
observed at concentrations exceeding 4.4%. The anae- 
robic spores had about the same tolerance for NaNO, 
as for NaCl. Initial levels of NaNO, of 0.037% or more 
delayed meat spoilage. A gradual decrease in nitrite 
was noted during incubation and was accompanied by 
increased spoilage. Meat containing as little as 0.0004% 
nitrite apparently was sound while spoiled meat indi- 
cated absence of nitrite upon analysis. Inoculated meat 
containing the three curing agents tested individually or 
incombinations at levels permitted in commercial mixed 
cure showed that either NaNO, or NaCl delayed 
spoilage for from 1 to 4 weeks but that NaNO, had no 
inhibitory effect. The mixture of all three salts pre- 
vented spoilage of inoculated meat for 12 but not for 19 
weeks. 
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A Comparative Study of Tenderness Determination by Sensory 
Panel and by Shear Strength Measurements 


F. E. DEATHERAGE ann GEORGE GARNATZ 
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University, Columbus; and The Kroger Food Foundation, Cincinnati, Ohio 


(Manuscript received March 27, 1952) 


Tenderness determinations by a sensory panel and 
shear strength measurements by the Warner-Bratzler 
shear machine on broiled steaks from matched pairs 
of shortloins are reported and compared. The correla- 
tion coefficients obtained when the two methods are 
compared are discussed. 


The food technologist has, in general, two methods 
for measuring quality attributes in foods: the sensory 
panel and instruments designed to measure certain 
physical and chemical properties of foods. For best 
results both methods must be especially adapted and 
critically evaluated for a particular type of investigation. 
In meat investigations tenderness is a consumer quality 
which has received much attention perhaps because it is 
considered the most important quality demanded by the 
consumer. For such studies tenderness determinations 
have been made using the panel techniques patterned 
after Cover (2, 3) and Deatherage and Reiman (5) or 
the Warner-Bratzler shear machine (1). There have 
been no reports critically comparing these methods for 
determining tenderness. The brief report of Mackin- 
tosh, Hall, and Vail (9?) summarized some data obtained 
over several years on panel tests, collagen determina- 
tions, and shear strength values. Although they indi- 
cate that panel testing gives reproducible values for 
tenderness, no data were given on the deviations in 
panel scores and shear strength values. Since quite a 
number of papers have been reported using one or 
another of these methods for measuring tenderness, it 
seems desirable to critically compare the results obtained 
by the methods using the same meat. 


EXPERIMENTAL 


The panel method of Deatherage and Reiman (5) which may 
be used so as to incorporate some features of Cover’s paired 
eating method, and the Warner-Bratzler shear machine were 
used on broiled steaks from 32 pairs of matched shortloins from 
32 commercially slaughtered steers. The tests were run in two 
groups of 16. One shortloin of each pair came from a side which 
had been processed by the so-called Tenderay method of James 
(8) while the other shortloin came from the corresponding side 
which had been kept as a control stored at approximately 
35° F. (15° C.) until used. Thus, it was possible to compare 
the two methods for determinations on meat which had been 
aged by two different procedures. 

Duplicate tests were run by the panel. For the shear machine, 
l-inch cores were cut from the broiled steaks. The shear value 
in pounds represents the average of at least 4 measurements, two 
from each of two steaks adjacent to those used for the panel. 
For the shear machine in a few instances it was necessary to 
discard a reading which was obviously out of !'ne and high due 
to a large piece of artery or connective tissue being included 
in the sample. No scores by the tasters were excluded. 

The data obtained in the two series are shown in Tables 1 
and 2. The grades noted are in accordance with the present 
grading system, even though originally the carcass grades were 
assigned prior to 1951. All tests were run 5 days post mortem. 
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TABLE 1 


Tenderness and shear strength values on steaks from 
control and processed shortloins * 














: | Tendernessby | Sheerstrength | Preference by 
Animal panel | in pounds panel 
No. pe a. 
Control | Processed | Control | Processed | Control | Processed 
1 6.75 | 9.04 24.3 | 230 0 12 
2 7.42 8.83 22.5 | 22.5 0.5 11.5 
3 6.83 | 8.25 23.5 | 19.0 2.5 9.5 
4 8.13 8.46 17.5 17.8 4 R 
5 7.25 8.67 23.8 22.5 0 12 
6 8.75) 9.50 18.0 | 17.5 2 10 
7 6.58 | 8.30 23.5 | 22.0 0.5 11.5 
8 7.62 | 8.38 20.0 17.5 2 10 
9 6.38 | 7.08 23.4 20.5 3 9 
10 6.50 7.87 12.5 13.3 2 10 
11 6.87 8.25 22.0 20.0 0.5 11.5 
12 7.62 | 8.50 | 18.3 15.0 | 1 11 
13 5.50 | 7.04 | 22.0 19.5 0 12 
14 5.83 | 6.59 21.0 18.0 4 8 
15 6.17 | 7.87 26.5 22.0 0 12 
16 5.92 6.62 27.0 : 23.0 3 9 
Total 110.12 | 129.25 345.8 313.1 25.5% 166.5» 
Average 6.88 | 8.08 21.6 19.6 1.6 10.4 
Standard 
error 
of mean | 0.23 | 0.21 0.92 0.74 | 





* Steers, approximately 1% years old; average carcass weight 502 th; 
12 grading Choice and 4 Good. 
© Chi square is 103.5; at 1% level chi-square is 6.6. 


TABLE 2 


Tenderness and shear strength values from control 
and processed shortloins ‘ 


























| Tenderness by Sheer strength Preference by 
Animal | panel in pounds | panel 
0. ——_ | — —-| — — 
Control | Processed | Control Processed Control | Processed 
17 7.17 8.71 196 | 188 2 10 
18 7.46 8.34 18.6 | 20.0 2 10 
19 7.38 8.21 23.9 20.8 2.5 9.5 
20 7.75 8.79 24.1 17.4 2.5 9.5 
21 7.75 8.29 22.0 20.3 4 8 
22 7.67 8.29 24.4 18.0 3.5 &.5 
23 7.67 8.79 17.8 14.0 1 11 
24 7.63 8.25 17.6 | 16.4 1.5 10.5 
25 | 7.46 8.84 24.4 | 20.5 2 10 
26 7.38 7.54 23.1 | 26.0 6.5 5.5 
27 7.71 9.08 19.4 17.5 2.5 9.5 
28 6.42 8.00 22.8 19.1 2 10 
29 7.84 8.58 20.0 18.6 2 10 
30 | 7.50 8.54 25.8 24.1 3 9 
31 | 8.88 9.42 16.0 ma 1.-2 10 
32 7.04 8.83 19.1 17.8 | 2.5 9.5 
Total | 120.71 136.50 3386 | 305.4 41.54 150.54 
Average | 7.54 8.53 21.2 19.1 2.6 94 
Standard | 
error 
of mean 0.10 0.11 0.62 7 3 ieee E 





© Steers, average age 144-2years, average carcass weight 570 bb; 
2 grading Choice, 7 low Choice, and 7 Good. 
4 Chi square is 61.9. 


Before discussing the data in Tables 1 and 2 it might 
be well to point out that a study of the reproducibility of 
taste test data has shown that the standard deviation 
for the average panel score for 6 judges is approxi- 
mately 0.46-0.73 depending on the tenderness range 
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(5, 7). For the duplicate tests, the tenderness scores 
which are noted in Tables 1 and 2, the standard and 
probable deviation ranges are 0.33-0.52 and 0.22-0.35, 
respectively. Similar computations to indicate repro- 
ducibility for the shear values in these tables indicate 
that the standard and probable deviations for these data 
are 2.0-2.2 and 1.3-1.5 pounds with several values 
excluded for the reasons given above. For reasons of 
brevity, the individual shear values which were aver- 
aged to get each entry in the above tables are not given. 
The deviations indicating degree of reproducibility for 
each datum in these tables were not incorporated in the 
computation of the standard error of mean in Table 1 
and 2. If these calculations are carried out, the results 
do not greatly affect the over-all picture particularly 
concerning tenderness by panel. 

In both groups of tests the taste panel shows definite 
differences in tenderness between the control and 
processed steaks. The processed meat as a group is 
more tender by tenderness score and by preference 
score even though the meat in general was quite 
acceptably tender before processing. 

The shear values were less for the processed meat in 
each group, and the differences in mean shear values in 
each table appear to be significant even though the 
differences are not as great as that from the taste panel 
data. Therefore, some relation between tenderness and 
shear value may exist. 

When shear values and panel scores are more closely 
compared, it is at once apparent that the relation be- 
tween the two is not as close as would be desirable. A 
correlation coefficient of —0.369 is obtained when shear 
strengths and panel scores are compared for the 32 con- 
trol sides. For the processed meat a similar comparison 
gives a correlation coefficient of —0.242. These values 
are not very significant since for 30 degrees of freedom 
the values for the correlation coefficient at the 1% and 
5% levels should be —0.449 and —0.349. 

In an effort to determine if increases in tenderness 
as determined by the panel were related to decreases 
in shear strength as determined by the machine, these 
two factors were compared in the 32 carcasses. A cor- 
relation coefficient of 0.173 indicates essentially no 
direct relation between these two quantities. 

Tenderness values by the panel on meat 2 to 3 days 
post mortem usually correlates well with tenderness 
values at 15 days post mortem. Similar close relation 
between control and processed beef has been observed. 
Correlation coefficients of 0.80-0.90 are usually ob- 
tained with the value depending upon the tenderness 
level of the meat under study. In these series of tests 
the tenderness values of the control and those of the 
corresponding processed sides had a correlation co- 
efficient of 0.792. Similarly, the shear strengths of the 
control and the processed meat had a correlation co- 
eficient of 0.783. Therefore, it is clear that shear 
strength by the Warner-Bratzler machine and tender- 
ness measurements by the panel both measure some 
property of meat in a fairly reproducible manner. Fur- 
thermore, these properties change with post mortem age 
of the meat and each may be based fundamentally on 
more than one variable. Indeed, there is ample evidence 
that this is true for tenderness as measured by the 
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panel (4). However, in view of the poor correlation 
between taste panel and shear machine, it must be pre- 
sumed that shear strength and tenderness are not the 
same property of meat. It may be that shear strength 
measures a variable which is related to tenderness. 
Even so, it appears that this variable is not the dominant 
one related to tenderness of meat. Consequently, the 
synomymous use of the terms shear strength (as deter- 
mined by the Warner-Bratzler machine) and tenderness 
of meat should be avoided. 

There are a number of statements in the literature 
indicating a higher correlation than is reported here 
between panel score and shear values. It is not possible 
to determine why this is so since complete detailed data 
for study is often not published but are usually sum- 
marized (9). One reason may be that higher values 
might be expected if the variations in meat were greater. 
Evidence that this might be the case is seen in the higher 
correlation in the control meat than in the processed 
meat. In this study there was not a wide spread in 
tenderness level, but the control samples had a wider 
range of tenderness values. For research, it is necessary 
to have a reproducible and discriminating test for ten- 
derness rather than one sensitive only to large dif- 
ferences on tenderness. 

When preference judgments patterned after Cover’s 
method are examined, it is clear that there are real 
differences in tenderness between the control and the 
processed meat of each group. The preference scores 
give essentially the same result as the tenderness level 
scores. This confirms the previous report of Deatherage 
and Reiman which critically compared preference scores 
and tenderness scores. 


In the brief report Mackintosh, Hall, and Vail (9) 


reported almost perfect correlation (— 0.986 + 0.003) 
between panel scores and tenderness on meat from a 
selected group of 45 steers and in another grouping of 
61, presumably containing sOme of the 45, they give a 
coefficient of — 0.60 + 0.6. In a detailed and excellent 
report on beef quality from steers fed low phosphorus 
and high calcium rations, these same authors (6) give 
panel scores and shear values on both fresh and aged 
meat from 22 different steers. These data have been 
pooled and subjected to study in the same manner as 
described in this paper. The same conclusions as given 
above were reached. On the fresh meat, there appears 
to be some correlation between tenderness and shear 
values (— 0.541) on fresh samples but none (— 0.159) 
on aged. The shear values for fresh meat did not cor- 
relate with the shear values for the aged meat (0.292). 
However, the panel score on fresh meat showed good 
agreement with a correlation coefficient of 0.724. For 
20 degrees of freedom 1% and 5% levels of significance 
are 0.537 and 0.423. If 2 of the 22 shear values on fresh 
meat are discarded as being much too high and in errer, 
the 0.292 becomes 0.666 for shear value agreement, but 
the — 0.541 becomes only — 0.463 for panel-machine 
agreement. It should be noted also that on the basis of 
a 7-point scoring system instead of 10 as used in this 
study, the mean tenderness was 5.63 + 0.10 for the 
fresh and 5.82 + 0.10 for the “ripe.” The mean shear 
value for the “ripe” meat was 13.7 + 0.5 and for the 
fresh meat it was 15.3 + 0.6. The latter value would 
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be 14.7 + 0.5 if the two shear values noted above are 
not considered. 

It would be desirable to know precisely what tissues 
or substances in meat are responsible for shear strength 
values as this might help understand the nature of ten- 
derness in meat. However, for fundamental investiga- 
tions on tenderness as a consumer quality attribute in 
meat, the sensory panel appears to be the preferred 
method for guiding research. Although so-called objec- 
tive methods may have some advantages, these are of 
secondary importance until an objective test or machine 
is developed which gives results which correlate very 
closely to tenderness as judged by the consumer or by 
sensory panels. It may be that further study of the 
shear machine could lead to a device which agrees more 
closely with tenderness. 


SUMMARY AND CONCLUSIONS 


A comparative study has been made of tenderness 
determinations by a sensory panel and shear strength 
measurements by the Warner-Bratzler shear machine 
on broiled steaks from matched pairs of shortloin., from 


32 steers. One side from each steer was aged at elevated 
temperature while the other was kept as a control. Aj. 
though shear strengths appear to measure fairly satis. 
factorily a property of meat, these values are not closely 
related to tenderness of broiled steaks as determined 
by a competent sensory panel. 

Further critical study of the shear measurements may 
give useful fundamental information on meat. 
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Surface Formation and Shear as Factors Affecting the 
Beating Power of Egg White’ 


DWIGHT H. BERGQUIST * anp GEORGE F. STEWART ” 


Towa Agricultural Experiment Station 


(Manuscript received March 17, 1952) 


The effects of shear forces and of surface formation 
on the beating power of eggs were studied by means 
of an electric mixer and a Bull surface denaturation 
device. The results indicate that shear forces play a 
dominant role in the destruction of beating power 
during atomization. Surface may also play a role, es- 
pecially if the amount of surface formed and the rate 
of formation are high. 


Over the years the frozen and dried egg industry has 
become fully aware of the fact that egg white is ex- 
tremely sensitive to heat and other physical agents. 
Relatively small changes in the processing and handling 
of egg products are known to adversely affect functional 
properties. One of the most significant examples of 
this problem is the almost complete loss in the beating 
power of egg white when it is spray dried using con- 
ventional pressure nozzles and centrifugal atomizers. 
The damage occurs under conditions of temperature and 
time well below those known to cause heat damage. 
This is a serious problem because without a solution 
to it a drying technique possessing many desirable 
characteristics like rapid drying, relatively low drying 
temperatures, high products output per drying unit, low 
labor cost, etc. can not be applied in the commercial pro- 
duction of this commodity. 


*Journal Paper No. 2079 of the Iowa Agricultural Experi- 
ment Station, Ames, lowa. Project No. 970. 

* Present address : Henningsen, Inc., Sedalia, Mo. 

» Present address: University of California, Davis, California. 


Developmental work of the past 20 years has pro- 
duced certain improvements in the drying of albumen. 
For example, it has been found that prolonged fermen- 
tation (5) and acidification prior to drying (3) aid in 
producing a spray dried albumen with good whipping 
power. However, while products made by the applica- 
tion of these techniques are being used successfully in 
candies, meringues, and certain cake mixes, they are not 
very satisfactory for angel cake. 

In the course of other studies devoted to the basic 
aspects of this problem, it has become increasingly clear 
that shear forces and surface formation effects were in- 
volved in the loss of beating power. The work of 
Slosberg (8), Forsythe and Bergquist (4) and Mae- 
Donnell, Hanson, Silva, Lineweaver, and Feeney (6) 
clearly shows that the shear forces encountered im 
homogenization and continuous supercentrifuging will 
adversely affect beating power. It is well known that 
the conventional atomizing devices (pressure nozzles 
and centrifugal atomizers) used in spray drying exert 
considerable homogenizing (shearing) action on the 
liquids passing through them (7). In addition, atomiza 
tion also creates enormous surfaces which may be the 
cause of some of the loss in beating power. 

In order to throw light on this problem, experiments 
were carried out to study the effect of surface formation 
on beating power. Certain additional studies were also 
made on the effect of shear on this property of egg white 
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d EXPERIMENTAL TABLE 1 we 
. The effects of surface formation were studied by means of Effect of beating egg white on subsequent beating power 1 
an electric mixer (Hobart KitchenAid, Model 4, with wire Ss a9 of disintegrated foam 4 
4 whip), and a Bull surface denaturation device (2). The latter re) uu a oe age Trial No. 3! % 
y consists of a motor-driven porcelain postage stamp moistener +-—- Wa : t: 
d (Figure 1). The cylinder is 7.3 cm. in diameter and 5.5 cm. Time of Specific| wanat Specific pe oy Specific pe age 4 
jong. Allowing for contact between the sides as well as the face ot ; | :imitial | volume |disinte- volume | disinte- | volume | disinte- | ai 
of the cylinder and the liquid, the total surface area formed per beating jof sen | soeiee eee ae serine — i 
revolution is 132 sq.cm. The cylinder is rotated by a Cenco — > 7 i@ 
No. 18805 variable-speed stirrer assembly. seconds | ml. per rag ml. per re ml. per ee qe 

Beating power was determined by using the meringue test , g. |minute g. minute 9. minute {ite . 

a described by Slosberg, Hanson, Stewart, and Lowe (9). Control | S| 3.52 A cp 

The egg white used for these trials was the commercial 120 5.32 | 4.30 5.52} 4.48 fee | eee a) a 

a milled® and frozen product. To assure uniformity of raw ma- 1 (low) = en | = y+ rye coe liane ee 
: terial for the experiments, a sufficient supply for all experiments ————— $$ -—__}. ___ a nile Neseeeiann menastae us 
was obtained from one lot of albumen, all of which came from ye 30 720 | 4.48 8.33 | 4.42 5.98 | 3.38 i 
a & . 2 (medium) 60 9.10 | 4.36 8.85 4.42 6.25 3.56 y 
Z one well mixed batch. When needed, fermentations were car- 90 9.44 | 4.10 9.00 | 3.56 6.58 | 3.10 ¥ 
‘ ried out by inoculating the egg white with a culture of a special “4 ha ee eRe ee oe | 4.30 715 | 3.52 yy 
d strain of Aerobacter aerogenes and incubating at 34° C. until 3 (high) 40 110.20 | 3.86 9.90 | 3.42 9.90 | 3.04 4 
the sample was free of reducing sugar. 60 10.52 3.14 10.52 | 2.95 11.75 2.36 ih 
f ato se ol oa 
fe 


* Commercial frozen egg white, unfermented. 
£ Commercial frozen egg white, Aerobacter fermented. 
: Motor 


the treated albumen was not affected very much until 
‘ it had first been formed into foams of very high specific 





eee eee 























eepanigns cn volume (low density). For example, at a speed of 3 for ef 
, , 60 seconds where the beating rate of the treated albumen a 
a was definitely affected, the mean bubble diameter of 3 
the foam was 10 microns. This corresponded to 5,200 i 
rr r ost rt sq. cm. hg which : — times that found in the } 
~-7 : commercially atomized particles. i, 
‘ / ee More seinetiabtioe studies of the effect of surface a 
% ff formation and ones in which shear was further mini- 4 
sn Mites xi mk m. mized were made using the Bull surface forming device. 
a aa a m . . ° : 
CS SSS ee With this apparatus surface formation, both with re- 
spect to the absolute amount as well as rate of formation, 
Figure 1. Surface formation device. can be very accurately controlled. Figure 2 shows some 
of the data obtained in these trials. These results con- 
RESULTS 
A number of samples of spray-dried albumen were _ Sebel sortocs tereidd tae dhcaniie: 
| obtained from commercial sources and were examined | _L__e Total surface formed- 4,000 sq.cm./g. 
, for appearance and particle size. As expected, the —-—Total surface toned“ sq. cm./g. 
, particles were spherical in shape; they showed some —--—Total surface formed-30,000 sq. cm./9. 
| tendency to agglomerate. They had an average diame- be 


ter * of 44.0 microns. Separate studies showed that the 
diameter of the atomized droplets decreased about 25% 
during drying ; this would make the average of atomized 





liquid approximately 1000 sq. cm. per ml. This infor- e4 
mation served as a basis of comparison for the experi- £ 
mental samples. » 4 
The first studies relative to the effect of surface for- E 
mation were made using the KitchenAid electric mixer. © 
In these trials the egg white was beaten at several dif- © 
ferent rates for varying intervals in order to provide a 2 
wide range of foam density. The foams were then H td 


broken down by allowing them to stand (with occa- 
sional stirring ), and the resulting liquid was then tested 
for beating power. “. 

Table 1 shows some typical data obtained in these aig 
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studies. It is clearly evident that the beating power of + 
- i 

*The process consists of passing egg white through a high- | 
speed chopper (Tranin mill). The action of the special blades | ; | 
ly break down the thick whit 2 1 1 , J vi 
in the rotor is such as to thoroughly brea wn the thick white 100 200 300 400 500 4 | 


and incorporate it into the thin. The product emerging from the 
chopper is homogeneous and free-flowing. Rate of Surface Formation, sq. cm./sec. 

*The term diameter as used here is that of a single particle Figure 2. Effect of rate of surface formation on beating 
with the same ratio as the total sum of particles measured. rate of egg white. 
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firm and extend those given above. Not only was the 
beating rate affected by the amount of surface formed, 
but the rate of surface formation also had a decided 
influence on this property. It should be noted, however, 
that the rate of surface formation during atomization is 
extremely high compared to that encountered here. Un- 
fortunately it was not possible to obtain data at higher 
rates of surface formation, using the surface formation 
device since excessive foaming interfered with the opera- 
tion of the unit. 

Trials were then made to provide some information 
on the effect of the solid-to-liquid shear force encoun- 
tered in the surface formation experiments on beating 
power. To do this a test tube of 2.5 cm. diameter was 
rotated in a sample of egg white at the rate of 223 r.p.m. 
for 224 minutes. This gave a peripheral speed equiva- 
lent to the surface formation device cylinder rotating at 
167 r.p.m. and a solid-to-liquid shear area of 30,000 sq. 
cm. per g. of liquid. This treatment had no effect what- 
soever on the beating power of the albumen. This shows 
that the shear forces encountered even in the most 
severe surface formation trials were without effect on 
the egg white. Taken together the data clearly demon- 
strate that surface formation per se can be destructive 
to egg white properties. However, it seems unlikely 
that, with the amount of surface formed during atomiza- 
tion, surface effects are the primary cause of the damage. 

The work of Slosberg (8), MacDonnell, et al. (6) and 
Forsythe and Bergquist (4) makes evident the im- 
portance of shear force in the destruction of beating 
power in egg white. As stated before, the pressure 


nozzles and centrifugal atomizers commonly used jp 
spray drying egg products are known to have large 
homogenizing (shear) effects. In the face of this ang 
the new information presented here, we suggest that 
shear forces play the dominant role in the destruction 
of beating power during atomization. Surface formation 
may also play a role, especially if the amount of surface 
formed and rate of formation are high. 

Attempts to reduce shear forces and rate of surface 
formation in spray drying egg white will be described 
in another article (J). 
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Stability of the Anthocyanin Pigments in Concord Grape Juice” 
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Qualitative tests on the methanol extract of lyophil- 
ised grape skins indicated the presence in grape juice 
of chlorophyll, water soluble yellow pigments, and 
carotenes in addition to the anthocyanins. Further 
support for these observations was drawn from the 
chromatographic techniques. 

The major anthocyanin pigment present in Concord 
grapes was isolated from fresh ripe skins as the chlo- 
ride. The empirical formula of the substance and the 
color reactions indicated that the pigment may be 
oenidin 3-monoglucoside. Paper chromatography re- 
vealed the presence in grape juice of the anthocyan- 
idin, the monoglycoside and the diglycoside. 

Exposure of juices and of purified pigments to 
ultraviolet radiation indicated that tannins, especially 
those found in the grape and in grape stems, have an 
important protective action on the anthocyanin which 
decreases the rate of loss of pigment. 





"Work on this project was made possible through a grant 
from the Council Bluffs Grape Growers Association, Council 
Bluffs, lowa. 

» Journal Paper No. J-2002 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa Project No. 1051. 


The study of the grape anthocyanins over the past 
half a century has shown that these pigments are as a 
rule the glucosides of delphinidin and its methy! ethers. 
Willstatter and Zollinger (18) showed that the pig- 
ment in the dark blue European grape Vitis vinifera, 
consisted largely of the monoglucoside, oenin, isolated as 
oenin chloride. From his investigations on American 
grapes, Anderson (1) indicated that the colored sub 
stance in three varieties of these grapes, namely Vitis 
aestivalis Michx. (Norton), V. labrusca (Concord), 
and V. riparia Michx., consisted of an anthocyanin 
which on hydrolysis yielded a monomethy] ether of del- 
phinidin, or possibly a mixture of delphinidin dimethyl 
ether and delphinidin in equimolecular proportions. It 
was also stated that there was evidence for the presence 
of some diglucoside and some free anthocyanidin in these 
grape varieties. Levy, Posternack, and Robinson (10) 
found in the fogarina grape a small amount of de- 
phinidin and its 3’-methyl ether in addition to oenidin. 
Cornforth (6) isolated from Vitis hypoglauca, an Aus 
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tralian wild grape, an anthocyanin which was shown to 
be largely oenin (3’-5’ dimethyl 3-monoglucoside of 
delphinidin). Browne (5) isolated the anthocyanin 
from Muscadine grapes and showed that it consisted of 
¥, 5’-diglucoside of petunidin and no evidence of a 
monoglucosidal anthocyanin was found. Mackinney 
(11) stated that very low concentrations of chlorophyll 
were found by spectrophotometric methods in Sultanina 
grapes and raisins. 

Nebesky, Esselen, McConnell, and Fellers (12), 
working with purified anthocyanin pigment solutions 
from strawberries and currants observed that high 
storage temperatures and the presence of oxygen 
accelerated color deterioration with both pigments, 
while a low storage temperature preserved the color. 
The strawberry pigment solutions, unlike the currant 
pigment solutions, developed a faint precipitate after 
storage for a week. This precipitate increased on fur- 
ther storage. Sugar had little effect on the stability of 
the color in the pigment solutions. 

The present investigation was made to determine the 
nature of the water-soluble pigments in Concord grape 
juice and to demonstrate their stability under the in- 
fluence of the conditions of storage. In addition, in- 
vestigations were made of the nature of the substances 
present in grape juice responsible for the protective 
influence on the pigment solutions during storage. 


EXPERIMENTAL PROCEDURE 


For the qualitative identification of the water-soluble and in- 
soluble pigments present in grapes, the method suggested by 
Bancroft and Rutzler (2) was employed. 

The method used for the isolation of the major anthocyanin 
pigment from Concord grapes was essentially the one followed 
by Anderson (1) in his investigations with Concord grapes. To 
3g. of the crude glycoside dissolved in 20 ml. of methanol, was 
added 25 ml. of ethanol containing 7 ml. of 21% hydrochloric 
acid in absolute alcohol. The clear filtrate was allowed to stand 
for 3 days at room temperature in a loosely covered dish. Amor- 
phous masses of the pigment precipitated out and the substance 
could not be obtained in a crystalline state even though the 
conditions for crystallization were varied. 

For the separation of the anthocyanidin, its mono- and 
diglycosides, the method employed was essentially the one sug- 
gested by Willstatter and Everest (17). 

The anthocyanin concentrations of the pigment solutions were 
determined by utilizing the property that the optical densities 
of the clear pigment solutions of pH 1.0 or less observed at a 
wave length of 515 mu, bear a linear relationship to the pigment 
concentrations over a limited range. For the estimation of 
tannins, the method of Hartmann (8) was adopted. The method 
of French, Knapp, and Pazur (7) was used to identify the sugar 
present in the anthocyanin in glycosidic form. For this purpose 
the pigment solution was hydrolyzed by boiling with dilute 
HCl for 15 minutes and the anthocyanidin was removed from 
the boiled acid solution by repeated extraction with isoamyl 
alcohol. The acid solution containing the sugars was adjusted 
to pH 3.4 with dilute ammonia (10%) and then evaporated to 
dryness in a vacuum oven at a temperature of 95° F. (35° C.) 
under a pressure of 1 mm. The dried extract was dissolved in 
distilled water, and the sugar present was identified by use of 
paper chromatography. 

Pigment solutions were exposed to ultraviolet radiation 
which apparently accelerated destruction ef the pigment, and 
made short period studies feasible. A General Electric 15 watt 
ultraviolet lamp 17.5 inches in length was fitted into a fluo~escent 
fixture and used in studies of the effects of exposure to ultra- 
violet radiation. The lamp emitted radiations mainly in the 
region of 2537 A. Grape juice samples of pH 2.4, 2.9, 3.4, 3,9, 


.and 4.4 were exposed to ultraviolet radiation for a period of 48 
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hours. Similarly anthocyanin chloride solutions adjusted to the 
same pH values were exposed to ultraviolet radiation. 

Tannins affect the stability of anthocyanins exposed to ultra- 
violet radiation (15). To demonstrate this effect the tannins 
were separated from the grape juice by the method employed 
by Johnson, Foreman, and Mayer (9), with a few modifications. 
To a mixture of 100 ml. of grape juice and 25 ml. of 95% 
alcohol, saturated neutral lead acetate was added with stirring 
until no further precipitation occurred. The mixture was cen- 
trifuged after allowing the contents to remain at 104° F. (40° C.) 
over night. Dilute sulphuric acid was added to the clear super- 
natant liquid and the mixture was left at 104° F. over night to 
precipitate soluble lead salts as insoluble lead sulphate. The solu- 
tion containing the insoluble lead sulphate was filtered and the 
clear filtrate was adjusted to pH 3.4 with 10% ammonia. The 
filtrate was concentrated in a vacuum oven at 104° F. under a 
reduced pressure of 1 mm. until the volume was reduced to less 
than 50 ml. The concentrated solution was then made up to 
50 ml. with a Mcllvaine’s buffer solution of pH 3.4. This 
extract served as tannin-free juice for ultraviolet exposure 
studies. 

The insoluble lead precipitate was decomposed by adding a 
solution of 1 N. H:SO, until no further precipitation of lead 
as sulphate occurred. The solution was cooled over night and 
then centrifuged for 10 minutes at 1500 r.p.m. The clear filtrate 
containing tannins and colored substances was adjusted to a pH 
of 3.4 with 10% ammonia and then concentrated in a vacuum 
oven at 104° F. (40° C.) under a reduced pressure of 1 mm. 
till the volume was reduced to less than 50 ml. It was then 
made up to 50 ml. with a buffer solution of pH 3.4. This 
extract was added to the tannin-free juice in ultraviolet ex- 
posure studies. 

For the preparation of the extract containing tannins and 
other polyphenolic substances from grape stems for the ultra- 
violet exposure studies, the stems from grapes stored at 0° + 
1° F. {—17.8° C.) were dried at 104° F. (40°C.) under a 
pressure of 1 mm. The dried stems were mixed with 10 g. of 
sea sand and crushed in a mortar. The crushed mass was ex- 
tracted by boiling with 500 ml. of water. The sea sand and the 
water-insoluble stem material were separated by filtration of the 
boiled mixture through a Buchner funnel under suction. Satu- 
rated neutral lead acetate was added to the clear filtrate to 
precipitate the tannins and polyphenolic substances as insoluble 
lead salts. The remainder of the procedure was identical with 
the one followed in the extraction of tannin-free juice. The 
extract was used for ultraviolet exposure studies. The different 
components present in grape juice, that is, sugar (18%), tannin 
(0.2%), pectin (0.15%), tartaric (0.4%) and malic acids 
(0.5%) were added to 20 ml. of purified pigment solutions 
(pH 3.4) at the levels present in the juice. Pure tannic acid 
was substituted for tannin. The mixed solutions of pigment 
and the other juice components were exposed to ultraviolet 
radiation. 


RESULTS AND DISCUSSION 


The yields of anthocyanin chloride obtained through 
use of Anderson’s (1) method were very low. About 
10 g. of crude anthocyanin chloride was obtained from 
4000 g. of fresh grape skins and the yields were reduced 
when crystallization of the anthocyanin chloride was 
attempted. All attempts to crystallize the substance 
failed, yielding in every case brownish red, tiny, 
amorphous granules in clusters. To free them from 
ether soluble impurities, these granules were washed 
thoroughly with anhydrous ether. The resulting sub- 
stance did not show any trace of metals or nitrogen. 

The percentage composition of the individual ele- 
ments was determined to be: C, 52%; H, 4.66%; Cl, 
6.5% ; H,O, 7.4%. Calculated values were: 52.2%; 
H, 4.73% ; Cl, 6.71% ; and H,O, 7.84%. From these 
results the empirical formula assigned was C,,H,,O,,C1 
and this agreed closely with the calculated values. 
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The Ry value of the pigment in dilute HCl solution 
was determined to be 0.21 using the nonaqueous layer 
of the butanol, acetic acid, and water mixture (4:1:5) 
and Whatman No. 4 filter paper at 70° + 0.5° F. 
(21.1° C.) for the chromatography. 


The sugar present in the pigment molecule in the 
glycosidic form was identified by paper chromatography 
after hydrolyzing the pigment to the aglycone and sugar. 
The apparent Ry value of the sugar present in the pig- 
ment after 3 passes exactly equalled that of glucose 
(0.63) under identical conditions, confirming the pres- 
ence of glucose in glycosidic form. 

The qualitative tests for the various pigments present 
in 2.5 g. of lyophilized grape skins performed according 
to the method suggested by Bancroft and Rutzler (2) 
indicated the presence of chlorophyll, water soluble yel- 
low pigments, and carotenes in addition to the free 
anthocyanidin and its glycosides. 

When chromatographic separation of the juice sam- 
ples was employed using alumina as the adsorbent, the 
colored substance was adsorbed at the top of the column 
and no separate bands could be noticed. Similar results 
were obtained when the adsorption capacity of alumina 
was reduced by mixing with Dicalite (1:2 by volume). 


The blue band formed on the alumina column was 


eluted with dilute HCI, and this acid extract showed its 
absorption maximum at 515 mp. When the petroleum 
ether and benzene (9:1 by volume) extract of the 
lyophilized grape skins was chromatographed using 
sucrose as the adsorbent, a faint green band appeared 
in the middle of the column, while a yellow band was 
observed by partitioning the same extract with magnesia 
as adsorbent. The observations indicated the possible 
presence of chlorophyll, carotene, and water-soluble 
yellow pigments (16) in grape skins. Further work to 
identify the fat-soluble pigments was not pursued as the 
pigments were apparently not extracted into the 
processed juices. 

By using a few drops of an extract obtained from 
lyophilized grape skins by methanol containing 1% 
HCl, chromatographic separation was attempted em- 
ploying Whatman No. 4 filter paper strips. The non- 
aqueous layer of the mixture of butanol, acetic acid, 
and water (4:1:5 by volume) was used as the flowing 
solvent and the separation was affected at a constant 
temperature of 70° + 0.5° F. (21.1° C.). A separation 
was affected into 2 distinct red bands near the bottom 
and a hazy one near the top of the paper. The Ry values 
of the lower band which turned purple on drying and 
of the upper band which remained red, were found to 
be 0.11 and 0.19, respectively. It was observed that the 
red band at the top with an Ry value of 0.56 was de- 
stroyed in the course of approximately 24 hours while 
the other 2 bands were quite stable. Purified pigment 
solutions prepared by the method suggested by Rey- 
nolds, Robinson, and Scott-Moncrieff (13) and free 
from fat-soluble pigments did not indicate the presence 
of the greenish yellow band observed when the methanol 
—HCI extract of skins was separated on the paper. On 
exposure to HCI fumes, both of the bands turned red. 
Exposure to ammonia fumes changed the colors to 
bluish green, with the red band regaining its original 
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color in the course of a few hours. On spraying dilute 
ferric chloride solution on the paper after separation, 
the color of the lower band appeared purple and the 
upper one reddish violet. 

When the dilute acid (2%) extract of the purified 
pigment solution was hydrolyzed by boiling for 1§ 
minutes and the solution after hydrolysis chromatp. 
graped using butanol, acetic acid, and water, the lower 
bands were not noted, and a hazy trail of red pigment 
with an Ry value near 0.56 appeared on the chromato. 
gram indicating that the purple and red bands (with R, 
values 0.11 and 0.19) were hydrolyzed to the red band 
with an Rey value (0.56), which disappeared in the 
course of 24 hours. 

The bands of the red and purple color from many 
paper chromatograms were cut and the separate strips 
were dipped in dilute HCl and the absorption values of 
the acid solutions were determined with the spectro- 
photometer (Figure 1). The shapes of both of the 
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Figure 1. Transmittance values of acid solutions of red 
and purple bands after separation of mixed pigment extracts 
by paper chromatography. 


absorption curves are similar with an absorption maxi- 
mum at 515 mp. The curves also indicate that in the 
pigment extracts, the pigment component responsible 
for the red band predominates over the pigment com- 
ponent causing the purple band. 

Further attempts to identify the two bands were made 
by separating the pigment extract into the diglycoside 
and monoglycoside by repeated extractions with isoamyl 
alcohol. The Re values of the di- and mono-glycosides 
were determined individually under identical conditions. 
It was noted that the Ry value of the lower purple band 
equalled that of the diglycoside while that of the mono- 
glycoside corresponded with the upper red band. These 
findings suggested that the upper band was the mono- 
glycoside and the lower band the diglycoside of the 
anthocyanidin while the band at the top represented the 
sugar-free anthocyanidin. Further support for these 
assumptions was gained from the purple color of the 
lower band and the red color of the upper band, in 
agreement with the observations of Robinson and 
Robinson (14) that, in general, the diglycosides tend to 
be bluer than the corresponding monoglycosides. 

Using fresh grape juice acidified with dilute HCl, the 
same number of bands were noticed in the middle with 
a hazy band at the top. The Ry values of the purple and 
red bands coincided with those obtained with purified 
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pigment solutions. The bands obtained with the juice 
were, however, slightly broader than the ones obtained 
with purified pigment solutions, probably due to the 
effects of the other juice components. The resolution 
in the case of grape juice was improved by allowing the 
flowing solvent to run through the column a second time 
after the column was dried. In this case only apparent 
R; values could be determined. Substituting Whatman 
No. 1 for Whatman No. 4 filter papers appeared to in- 
crease the Ry values (0.12 and 0.21). If water extracts 
of the pigments were. used instead of the acid extracts, 
some hazy bands appeared at the top of the paper 
robably due to the neutral form of the color base. 

The purified di- and monoglycosides separated from 
each other were concentrated and convenient volumes 
of the concentrated solutions were added to 15 ml. of 
buffer solutions with pH values of 1.0, 1.5, 2.0, 2.5, 3.0, 
3.4, 4.0, 7.0, and 8.0. The absorption values through- 
out the entire visible range were determined at the vari- 
ous pH values with the spectrophotometer. The effects 
of pH on all three pigment components were similar 
and, as a result, only the curves for the monoglycoside 
are presented in Figure 2. Figure 3 indicates that at 
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Figure 2. Effect of pH on absorption values of solutions of 
anthocyanin chloride (monoglycoside). 








the same concentration, as the pH is increased, the opti- 
cal densities are found to decrease up to a pH of 5.0. 
The absorption maximum occurred at 515 mp at low 
pH while with increasing pH the absorption maximum 
was shifted toward 400 mp. These variations were 
found to be less striking for the monoglycoside solutions 
than with solutions of the diglycoside. The color of the 
anthocyanidin was found to be faded as the pH in- 
creased to 3.0 and at pH’s 7.0 and 8.0 for the absorption 
maxima shifted to 400 my in the visible range. 

The absorption values of acid solutions of the isolated 
anthocyanin chloride were recorded by means of the 
Beckman Quartz spectrophotometer Model DU and 
plotted in Figure 4. It may be noted that the pigment 
solution showed an absorption maximum at 280 my in 
the ultraviolet range in addition to that at 515 my in the 
visible range. 
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Figure 3. Effect of pH on absorption values of solutions 
of anthocyanidin, its mono- and diglycosides. 


On storage at room temperature, the purified pigment 
in the solid state formed water-insoluble dark brown 
residues. The destruction of the pigment in purified 
pigment solutions upon heating and storage was re- 
markably high compared to the destruction of the pig- 
ment as present in grape juice along with the other juice 
components including the sugars, pectin, tannins, and 
organi¢ acids (15). 

The results of exposure to ultraviolet radiation indi- 
cated that in the initial stages of exposure, the losses of 
pigment increased with increasing pH values while 
increased periods of exposure practically destroyed all 
the anthocyanin pigment. However, these pigment 
losses were not as appreciable with grape juice samples 
as those with the anthocyanin chloride solutions. The 
results presented in Figure 5 indicate that of the 5 sub- 
stances used, only tannic acid exhibited an extended 
protective effect on the pigment. In the samples in 
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Figure 4. Absorption values of acid solution of anthocyanin 
chloride over wavelength range of 250-600 mu. 


which tannic acid was added to the pigment solution, it 
was observed that on exposure to ultraviolet radiation, 
the optical densities were higher at 400 my than those 
samples treated otherwise. However, exposure of pure 
tannic acid solution to ultraviolet radiation indicated 
that the optical density at 515 mp is negligible and 
should not cause any interference in the optical density 
values at the dilutions employed. 

The results contained in Figure 6 indicate that the 
tannin extract from grape juice shows the best pro- 
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© ANTHOCYANIN SOLN. PLUS TANNIC ACID (20%) 
@ ANTHOCYANIN SOLN. PLUS PECTIN (.15%) 
4 ANTHOCYANIN SOLN. PLUS TARTARIC 
ACID (.40%) PLUS MALIC ACID (.50%) 
@ ANTHOCYANIN SOLN. PLUS DEXTROSE (16.00%) 
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Figure 5. Influence of grape juice components on ae 
concentrations of anthocyanin solutions (pH 3.4) exposed to 
ultraviolet radiation. Pigment concentrations are expressed as 
optical densities measured at 515 mw and at oH 1.0 of solu- 
tions (1:80). 


tective effect for the pigments when the juice samples 
are exposed to ultraviolet radiation. The results also 
show that the tannin extract from grape stems is 
superior to pure tannic acid in protecting the pigments 
from destruction as a result of exposure of the pigment 
solutions to ultraviolet radiation. Possibly the juice 
contains other polyphenolic substances, in addition to 
tannins, which have effects on the color similar to the 
tannins. It is equally possible that the anthocyanin pig- 
ment and the tannins are present in the grape juice 
samples in a form not easily destroyed on exposure to 
ultraviolet radiation. 
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Figure 6. Influence of natural tannin extracts and tannic 
acid on grape juice free from tannins. Pigment concentrations 
are expressed as optical densities measured at 515 mu and at 
pH 1.0 of solutions (1:80). The four solutions were exposed 
to ultraviolet radiation. Solution A was grape juice free from 
tannins and anthocyanin pigments plus extract of tannins and 
anthocyanin pigments obtained from grape juice; Solution B 
was grape juice free from tannins and anthocyanin — 
plus pigment solution plus tannin extract from stems (equiv. 
0.2% tannin); Solution C was grape juice free from tannins 
and anthocyanin gor ts plus pigment solution plus tannic 
acid (02%); a. and Solution D was grape juice free from tan- 
nins and anthocyanin pigments plus pigment solution. 


SUMMARY 


Qualitative tests on the methanolic extract of lyophil- 
ized grape skins indicated the presence of chlorophyll, 
water soluble yellow pigments, and carotenes in addition 
to the anthocyanins. Further support for these observa. 
tions was drawn from the chromatographic techniques 
wherein magnesia, sucrose, and alumina were employed 
as the adsorbents. , 

The major anthocyanin pigment present in Concord 
grapes was isolated from fresh ripe skins as the chloride. 
Attempts to recrystallize the pigment were not sue- 
cessful. 

Paper chromatography revealed the presence of 2 
water soluble pigments in the methanol HC! (1%) 
extracts of the lyophilized grape skins. These pigment 
components formed red and purple bands on drying 
with Ry values of 0.11 and 0.19 respectively. A hazy red 
band with an R,; value of 0.56 was also noticed and this 
band disappeared in the course of approximately 24 
hours. These bands with R;y values of 0.56, 0.19, and 
0.11 were identified as the anthocyanidin, its mono- 
and diglycosides, respectively, by hydrolysis and separa- 
tion procedures. 

Exposure of juices and of purified pigments to ultra- 
violet radiation indicated that tannins, especially those 
found in the grape and in grape stems, have an im- 
portant protective action on the anthocyanin which de- 
creases the rate of loss of pigment. 
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A Study of Methods for the Measurement of Tomato Juice Color*" 


W. B. ROBINSON, T. WISHNETSKY, J. R. RANSFORD, 
W. L. CLARK, anp D. B. HAND 


(Manuscript received February 13, 1952) 


The use of the Beckman quartz spectrophotometer, 
the Hunter Color Difference Meter, the Photovolt Re- 
flection Meter, and the Maxwell spinning disc for the 
measurement of color reflectance in canned tomato 
juice is described. Results obtained by the different 
methods are compared and discussed. 


Color evaluation in food products has become in- 
creasingly important as food technologists place more 
emphasis on product quality, yet color is one of the 
hardest quality factors to evaluate. The methods used 
most widely in the food industry at the present time are 
based on such color references as plates, spinning discs, 
and slides. Visual judgment under the best of condi- 
tions is arbitrary, and the need for objective methods 
of color measurement has resulted in the development 
of reliable photoelectric methods in recent years. In this 
paper several approaches to color measurement of 
tomato juice are described and compared. The ulti- 
mate authority for comparing the various methods is a 
measurement of the correlation attained with color 
scores given by Federal PMA inspectors. 


REVIEW OF LITERATURE 


The Maxwell spinning disc principle has been used 
for color measurement for over 100 years. Newhall 
(17), Nickerson (18), Mitchell (16), Taxner (22), 
Emmanuele and Mauri (5), and McGillivray (12) have 
described the use of the spinning disc for agricultural 
products. The last 4 citations refer particularly to 
tomato products. Carasco (1) has reported that the 
Lovibond tintometer can be used satisfactorily for tomato 
color work. 

McCollum (75) attempted to show differences in 
tomato juices of various grades, using a Beckman quartz 
spectrophotometer with a reflectance attachment. Al- 
though he was unable to demonstrate grade differences, 
he observed that backing the sample container with 
white and black papers caused different reflectance 
values. The. reflectance attachment and its use have 
been described by Pride (20) and Gibson (6). Conver- 
sion of the reflectance spectrum to the psychophysical 
values of the International Committee on Illumination 
(1.C. 1.) has been explained in detail by Hardy (7). 
The relation of I. C. I. values to the Munsell system of 
color specification has been described by Nickerson 
(18). . 

The development of filters that approximate the I.C.1. 
tristimulus functions (8) has made possible the use of 
photoelectric instruments that give “psychophysical” 

“This work was conducted in conjunction with a cooperative 
research project between the New York State Agricultural 
Experiment Station and the Production and Marketing Ad- 
ministration of the United States Department of Agriculture 
under the authority of the Research and Marketing Act. 

"Journal Paper No. 870, New York State Agricultural 
Experiment Station, Cornell University, Geneva, New York. 
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measurements of color without elaborate calculations. In 
other words, simple objective physical measurements are 
now possible that predict the color perceptive response 
of the human observer. Two instruments making use 
of these filters were used in the present study. These 
were the Hunter Color Difference Meter (9) and the 
Photovolt Reflection Meter (19). Kramer (10) com- 
pared the 2 instruments and concluded that the Color 
Difference Meter was superior in accuracy and con- 
venience. Younkin (23, 24, 25) has published several 
studies describing the operation and successful applica- 
tion of the Color Difference Meter in tomato color 
problems. Robinson, Ransford, and Hand (21) have 
described the use of the latter instrument in the measure- 
ment and control of color in the canning of tomato 
juice. Eastmond and co-workers (3, 4) made use of 
the Multipurpose Reflectometer and the G. E. recording 
spectrophotometer for studying changes in processed 
and stored foods. Davis (2) compared color transmis- 
sions of solvent extracts with reflectance readings of 
tomato puree and concluded that an extraction color 
index is “not significantly less accurate than existing 
metheds.” However, his reflectance work is not de- 
scribed in detail and cannot be calculated or evaluated 
by the reader. 


, DIRECTIONAL REFLECTANCE MEASUREMENTS 


Beckman quartz spectrophotometer. Directional reflectance 
can be measured on the Beckman spectrophotometer by means 
of a special reflectance attachment (6, 15, 20). A Model DU 
spectrophotometer was used in the present study to measure 
reflectance in the visible range from 400 to 650 my. From the 
reflectance curves the 1.C.I. values for Illuminant C were cal- 
culated by the selected ordinate method (7). Thirty ordinates 
were selected in the majority of cases, although the 10-ordinate 
method was sufficient to distinguish color differences. 

Reflectance measurements were made with the selector switch 
set at 1.0 for reflectance curves above 10% and at 0.1 for values 
below 10%. The sensitivity dial was set at 2 turns from the 
clockwise limit. A freshly scraped magnesium carbonate block 
was used for a standard and assigned reflectance values of 100% 
at all wavelengths. The instrument was checked for wavelength 
calibration by using several emission lines of the hydrogen dis- 
charge lamp. The reflectance of the MgCO; block was checked 
by means of a standard white Vitrolite block supplied by the 
National Bureau of Standards. 

With the selector switch at “check,” the desired wavelength 
under the hairline, and the phototube switch “off,” the dark 
current knob was rotated to zero the galvanometer needle. The 
MgCO, standard was placed in the field of illumination by 
sliding the drawer of the reflectance attachment to the proper 
position. With the phototube switch “on,” the slit width was 
adjusted to zero the needle. This procedure set the reflectance 
of the standard at 100%. The selector switch was set and the 
sample drawer moved to place the juice in the field of illumina- 
tion. The percent reflectance at the selected wavelength was 
indicated by using the “transmission” knob to zero the needle. 

In preliminary experiments it was found that higher re- 
flectance values were made when the sample cells were backed 
with white paper. This confirmed the observation of McCol- 
lum (15), and indicated that the sample container should be 
larger to have reflectance values independent of the type of back- 














: 
ee ee 
7 + 








a ee 

































ee 






FOE a ee 
a — - - -~ 





ae 


SESS ST went ie eee 
oo Pir Pe rs 


LSS Se ae 
ati Bee ae 
Oar re oer 


el ee 


AO Ne 
res ore 


SSS Ir 


<5 se ne ener ' 





oe eer: 
ee ae : ana 


ae 


A Ret cary commegy eae eet Ay 
- - 
r 
se 


=" Fenton ren 4 diate 4 


ee 








<r - 
a 4 


ieee oe 


Oe 





a ee * 


LOE POS es I SO 


wees 





ae eine eee eradiae s eeemindinaste te 


~ 
Font 


> ae ePrn.4 


~ +e 


renege oe Sh Oy 


TR yy hg ane? > a, 
7 eens 


3 Sol ee olay 


270 FOOD TECHNOLOGY, JULY, 1952 


ground used. A change in reflectance value with type of cell 
backing indicates that light is penetrating completely through 
the cell contents. When light is lost in that manner, the true 
reflectance value of the sample is not obtained. Further studies 
on cell dimensions showed that a 44-inch depth was sufficient for 
the least opaque juices. Consequently, a Plexiglas sample holder 
with a cylindrical well measuring 2 inches in diameter and 1 inch 
in depth was constructed. A modification in the sample drawer 
was required to accommodate the required cell. The front end 
of the drawer was extended by making a %-inch collar to 


enlarge the capacity. 


In making tomato juice color measurements, the cell was 
filled to the brim with juice and carefully covered with a slip of 
clear glass in such a way that no air bubbles were trapped under 


the glass. This method eliminated variations of the juice level 
in the sample container as a source of error. 


Hunter Color Difference Meter. The Hunter Color Difference 


meter (9) is a photoelectric tristimulus instrument that measures 
color by the use of three filters that approximate the X, ), and 
Z funcions of the I. C. 1. system (8). Results are presented in 
terms of L or Ra (brightness), a and b. The relative values of 
a and b determine dominant wavelength, while saturation or 
“chromaticity” is represented by (a° + b*)%. The instruments 
are equipped with Ra and/or 1 scales for the measurement of 
brightness. The Ra scale readings correspond to 100 times the 
Y function of the LC. 1. system. The L scale measures bright- 
ness in units of equal perceptual difference (1 equals 10 Ra’). 

The a and b readings, (Figure 1) are plotted on a diagram 
where a gives the “redness” and b the “yellowness” of the 
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HUNTER CHROMATICITY DIAGRAM 


Figure 1. Hunter color diagram showing the region of 
tomato juice color. 


measured color. The Hunter readings may be converted to 
I. C. 1. coordinates from the formulas : 


a = 175 (1.02 X — Y)/Y% and b = 70 (Y — 0.847Z)/Y% 


The I. C. L. data may be readily converted to Munsell hue, value, 
and chroma by the use of charts. Fortunately, from the stand- 
point of tomato product color measurement, there is a direct 
relationship between I. C. |. dominant wavelength and the ratio 
of a to 6 in the tomato color region (Figure 2). This relation- 
ship justifies the use of a/b as an indicator of dominant wave- 
length, and eliminates the necessity for conversion calculations. 

For tomato juice color measurement, the L scale was used 
with small area illumination (about 4% X 4% inches). The L 
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scale more closely approximates the response of the human 
observer than does the Ra scale. With the L scale, the re. 
flectance values are expanded over a wider range, and therefore 
the L reading may be set more precisely. This in turn makes the 
a and b readings more accurate. All measurements were made 
with the glass coverplate replaced by a black plastic block having 
a circular opening 2% inches in diameter. 

The sample container, of optical-quality Plexiglas, was con- 
structed by using 2-54-inch internal diameter Plexiglas tubing 
to make a cylinder 2% inches high. A 3'%-inch square of flat 
\Y4g-inch Plexiglas was joined to the bottom of the cylinder with 
a cement made by dissolving shavings of the material in acetone. 
The cell was filled to within % inch of the top for tomato juice 
color measurement. Color measurements made in this cell 
agreed with those made in the glass cell described by Younkin 
(24). 

A standard reference tile of red porcelain (24) was calibrated 
on the Beckman spectrophotometer. From the reflectance curve, 
the I.C. I. values and Hunter readings were calculated, the 
former by the 30-selected ordinate method (7), and the latter by 
the formula given above. The Beckman spectrophotometer was 
used for the standardization because like the Hunter and Photo- 
volt, it has 45°, 0° illumination. Reflectance readings of instru- 
ments such as the General Electric recording spectrophotometer 
cannot be compared since the gloss (or “specular” ) component 
of the reflected light is included in the reading. In fact, re- 
flectance readings from differently designed instruments such as 
the Photovolt and the Hunter cannot be expected to give identi- 
cal results, since distance from light to sample, sample to photo- 
cell, angle of illumination, and arc degrees included in measured 
light all influence the measurement. The instrument was set to 
give the correct readings for the standard tile; then a bright red 
plate (National Bureau of Standards Kitchen and Bathroom 
tile No. 70) was measured. A log book of daily readings kept 
on the kitchen and bathroom tile gave a daily check on the re- 
producibility of the instrument. 


A measurement of the precision of the color difference meter 
was made by determining the color of a sample of tomato juice 
20 times at 20-minute intervals during a day. The standard 
deviation of the a to b ratio was 0.012, which is equivalent to 
0.15 Production and Marketing Administration (PMA) color 
grade points. The standard deviation of a grader, measured in 
similar fashion, was 0.94 grade points. 


Photovolt Reflectance Meter. The Photovolt Reflectance Me 
ter, Model 610, also measures diffuse reflection. Light strikes 
the sample surfaces perpendicularly and is viewed at an average 
angle of 45°. The principle of 0°, 45° reflectance measurement 
matches the 0°, 45° of the Beckman spectrophotometer’s re 
flectance attachment, as well as the 45°, 0° of the Hunter Color 
Difference Meter. The Reflection Meter, like the Hunter it 
strument, makes use of tristimulus filters. However, in the 
Reflection Meter the separate filter readings are made directly, 
and from these the X, Y, and Z functions are readily calculated. 
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Reflection measurements were made in the cells described in 
the previous section. The standardized red tile employed for the 
Hunter measurements was also used for the Photovolt meter. 
In making the reflection readings, the galvanometer needle was 
set at the highest possible multiple of the calculated reading of 
the standard for each filter. For example, if the calculated blue 
filter reading for the standard red plate were 2.0, the gal- 
yanometer could be set at 10.0. The true reading for each sam- 
ple after measurement was then obtained by dividing the ob- 
served reading by the proper factor (5 in the above example). 
In making the blue tristimulus measurement, the readings were 
very low on the galvanometer scale. A small error in the blue 
readings, under these conditions, had about 3 times the effect 
on the resulting color value as did a similar error in the amber 
or green readings. In fact, it was found that because of the error 
involved, the use of a formula that excluded blue yielded better 
correlation with the other instruments than did the theoretically 
correct formula. 

It was necessary, therefore, to increase the sensitivity of the 
Reflection Meter to differences in the blue component of tomato 
juice color. This was accomplished in 2 ways. A more sensitive 
galvonometer was substituted for the one supplied with the 
instrument. A 25.000 ohm resistance was substituted for the 
4000 ohms of the coarse sensitivity control potentiometer. The 
latter change had the disadvantage of resulting in less smooth 
control of sensitivity. For any constant amount of light, the 
galvanometer deflection rises from zero to approximately 0.9 
of the maximum value in the first 120° of rotation of the con- 
trol. Hence setting of the control is more critical than before 
for large amounts of light on the photocell. This is not a serious 
disadvantage since a fine sensitivity control is provided on the 
instrument. Both changes together increased the sensitivity in 
the blue range by a multiple of about 3.5.° 

The relation of the values of the filters used in the Photovolt 
instrument to the Hunter data is shown by the following con- 
version formulae (9): 


a:, (Hunter) 175 (O8 A G + 0.2B)/G%, and (1) 


by (Hunter) 70 (G B)G™ where A, G, and 
B are the amber, green, and blue tristimulus 
filter readings, respectively. (2) 


Since a/b is used as a color index in the Hunter color 
measurements described here, equation (1) may be divided by 
equation (2) to give the following: 


ar/b, = 2 [(A — G)/(G — B)) —05 (3) 


Therefore, the fraction (A — G)/(G — B), is linearly related 
to a/b and to dominant wavelength. 

The Maxwell spinning disc. The apparatus used in the Max- 
well disc determinations consists essentially of a stand supporting 
the sample holder, the spinning disc, and the comparator eye- 
piece (Figure 3). The stand rests between 2 supports for a 
Macheth Daylight Lamp (Model RCF-30), which is suspended 
directly above the stand. The table is enclosed on 3 sides by 
vertical pieces of ‘44-inch masonite painted black. In contrast to 
the apparatus illuminated by 2 lamps described by Nickerson 
(18) and used by MacGillivray (12), only 1 light source is used 
to provide identical lighting conditions on the sample spinning 
disc. Instead of illuminating at a 45° angle, the comparator 
eyepiece is set at 45°, and the illumination is vertical. This 
arrangement has been found to be less tiring to the observer. 

The Macheth daylight lamp and Bausch and Lomb compara- 
tor eyepiece assure identical color matching conditions at all 
times. This lamp produces a light with a color temperatire of 
6700° K. and energy distribution corresponding to that of I. C. 1. 
Iluminant C. The light is suspended 8 inches from the surfaces 
of the sample and spinning disc. The intensity of light reaching 
those surfaces is 80 foot candles. The comparator eyepiece, 
mounted at a 45° angle, is so placed that the 2 areas of observa- 
tion are about 4% inch apart. The observed areas are about 1 
inch in diameter. The angle of mounting was found to be criti- 

*Photovolt Lumetron Model 402-E, with reflectance attach- 
ment, achieves this sensitivity, and may be adapted for tomato 
juice color measurement. 


MEASUREMENT OF COLOR REFLECTANCE IN TOMATO JUICE 271 


cal in determining brightness and chroma, and to some extent, 
the hue. The 45° angle was chosen to give conditions com- 
parable to those of the photoelectric instrument used in the 
comparative study. 

Sample holders were made from the bottom inch of No. 1 
tin cans. The containers measured 1 inch high, 3%g inches in 
diameter, and contained 125 ml. As a precaution against the 
possible reflectance of stray light, the inside of each can was 
painted black. The sample holder support was adjusted so that 
the surface of any sample or standard could be brought to the 








Figure 3. The Maxwell spinning disc apparatus. The black 
background is removed to show detail. 


level of the spinning disc. The 4 Munsell discs and the calibrated 
backing were mounted on a small fan motor and base, with the 
discs in a horizontal position. The speed of the motor was 
sufficient to avoid color flickering. The motor base was held 
in place by adjacent screws covered. with rubber tubing to 
prevent vibration 

For measuring commercial tomato juice color, Munsell discs 
with Atlas notations of 5R 2.6/13 (Red), 2.5 YR 5/12 (Yel- 
low), N6 (Gray), and N1 (Black) were used. The production 
numbers were 3036, 2476, 1174, and 2373, respectively. When 
measuring standard tomato papers and dark juices, a darker 
gray (N4) was substituted for the N6. The room was darkened 
so that the only available light was the daylight lamp. The 3 
color dimensions, hue, value, and chroma, are matched in that 
order. The hue is first approximated by adjusting the propor- 


tion of red to yellow: the value (brightness) was then adjusted 


by increasing or decreasing the proportion of gray to black; 
and then the chroma was adjusted by changing the proportion 
of red and yellow to gray and black. The process was then re- 
peated until a satisfactory match was obtained. The disc settings 
were obtained by recording the combinations that were too red 
and too yellow ; too light and too dark ; too weak and too strong. 
Thus the range may be rapidly narrowed. However, the work 
is tedious and requires a high degree of concentration. 

Hue may be calculated most accurately by the I. C. I. method 
(18). The 4 dises are measured on a Beckman spectrophotometer 
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and their I. C. I. values computed. The X, Y, and Z fractions of 
each disc are then multiplied by the percentage of the disc used 
in obtaining the match. The sums of the separate X, Y, and Z 
values thus obtained define the color. 

A simple method of expression, though theoretically less 
accurate, is the ratio of red to yellow (R/Y) in the matching 
mixture. This method is less accurate because it ignores the 
effect of chroma and brightness on the hue. For practical pur- 
poses, however, it has proven to be suffiicently accurate and far 
more convenient for measuring tomato juice color. 


RESULTS OF COLOR MEASUREMENTS 


Color measurement was accomplished by the 3 photo- 
electric instruments with excellent agreement. Table 1 
gives the dominant wavelengths of 28 commercial sam- 
ples as measured by the Beckman Model DU spectro- 
photometer and the Hunter Color Difference meter. 
The agreement between thé 2 instruments is indicated 
by the r value of 0.93. Both correlate with the grade to 
the same degree (r equals 0.78). 


TABLE 1 


Comparison of color scores assigned by a grader of the Produc- 
tion and Marketing Administration (PMA) with Hunter Color 
Difference Meter and Beckman spectrophotometer 

(Model DU) readings * 


Dominant wave length, ma 





Color Score (y) on : a : pbs 
(1949) Hunter (a) Beckman (b) 

28 , 600.2 595.3 
26 598.6 593.6 
23 599.4 594.8 
26 , on 599.1 594.7 
27 601.1 595.8 
27 599.2 595.0 
27 598.8 594.2 
27 599.5 595.6 
27 600.9 595.4 
M4 597.3 593.3 
27 600.2 594.8 
wd 600.7 595.3 
22 595.2 591.8 
3) 602.5 596.8 
28 599.8 595.5 
27 598.6 594.7 

7 598.5 594.9 
2 : 601.7 597.0 
26 601.3 596.5 
24 $97.2 593.8 
26 599.8 595.0 
28 600.8 596.5 
26 599.8 595.5 
25 597.9 593.8 
27 600.2 595.7 
37 600.4 595.9 
25 598.4 593.8 
27 600.2 595.2 


4 Values for r for ab, ya, and yb are 0.93, 0.78, and 0.78, respectively. 


Figure 4+ shows typical reflectance spectra of grade A 
and grade C tomato juices measured on the Beckman 
spectrophotometer. The curves are often difficult to 
interpret by visual inspection; however, good tomato 
juice color is relatively brighter in the region above 
600 mp, and low in the region around 550 mp. The 
small peak in the curve in the yellowish-green region is 
in all probability caused by the presence of a chlorophyll 
derivative. Juice made from under-ripe tomatoes is 
characterized by a relatively high reflectance at 550 my. 

The Photovolt Reflection Meter, Model 610, as modi- 
fied for these studies, was accurate in measuring color. 
For this comparison, a series of 20 commercial and pilot 
plant samples of tomato juice manufactured in 1950 
were used (Table 2). The samples were chosen to give 
a wide range of color quality, Correlation with the in- 
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Figure 4. Reflectance curves of Grade A and Grade C to. 
mato juice as measured by Beckman quartz spectrophotometer 
(Model DU). 


spector’s color score was equally good for the Photovolt 
(r equals 0.92) and for the Color Difference Meter 
(r equals 0.90). 

Color Difference Meter data was obtained on over 
800 samples from the Experiment Station pilot plant 
and from commercial canneries. The Munsell hue was 
calculated in 2 ways: first using the a and > readings 
only at value 3.0, and secondly by including the proper 
correction for value. Table 3 gives the correlation of 
these 2 methods of presenting hue as well as of the a to 
b ratio with the PMA grader’s scores. To clarify the 
distinction between these 3 methods of presenting color: 
a to b ratio corresponds to dominant wave length ; Mun- 
sell hue at value 3.0 compensates for the psychological 
effect of differences in chroma on the appearance of that 
dominant wavelength; and the Munsell hue corrected 
for value compensates for the effect of brightness as well 
as chroma on the appearance of a dominant wavelength. 

For the final testing of the Maxwell disc method of 
color measurement, the same 20 samples were used that 
were mentioned previously in the comparison of the 
Photovolt and Hunter instruments. The 3 different 
operators made entirely independent color measure- 
ments on these samples. From the composition of the 
matching discs the Red to Yellow ratio (R/Y index) 
was calculated, and by the use of the I. C. 1. method of 
calculation (78) the hues at value 3.0, and the hues 
adjusted for value were calculated. The following com- 
parison of the correlations obtained with PMA color 
grade (r values) shows that none of the 3 methods used 
for expressing the results is consistently superior : 


Operator | Operator 2 
et EE i cahenttensarctiinndets +0.908+0.021 +0.923+0.04 
Hue (at value 3.0)... —0.926+0.039 —0.916+0.020 
Hue (corrected for value)... —0.860+0.027 —0.932+002 


Although these differences are not large enough to be 
highly significant, they seem to indicate that the effect 
of brightness on hue, a psychological effect, is different 
with different observers. Operator No. 1 gives better 


Cor 





: Munsell Disc R/Y 
PMA Color Difference Meter Photovolt — — ; 
Color | Operator i 
Sample Grade - ECS ETRE Wa — er cee —— Bs 
rT tk 4 a a eee ee a ee = ee 2 3 ti 
| | j | | | G—B 4 
are 24 28.9 | 20.2 1 | 1.42 12.31 | 11.34 7.04 2.54 0.96 2.91 3.10 3.00 ; 
2 26 28.0 | 18.3 12.2 | 1.50 11.80 | 10.34 6.47 2.92 1.09 3.68 3.97 3.70 - He 
‘ 23 a ae 13.4 | 1.33 12.88 10.41 6.54 2.39 0.93 2.64 2.66 2.31 1 
4 28 24.6 19.0 1.1 | 1.72 | 10.52 8.83 5.32 2.23 1.14 5.62 6.60 4.19 he 
5 24 27.8 | 18.6 13.2 1.40 12.41 10.21 6.38 2.27 0.93 3.05 3.30 3.00 
6 25 26.4 | 19.0 12.6 | 1.51 11.83 9.47 5.78 2.13 1.01 4.18 4.30 3.35 { 
: 27 27.1 | 17.4 1.8 | 1.47 11.82 9.55 6.08 2.78 | 1.05 3.50 4.22 3.60 
& 25 28.6 20.6 14.0 | 1.47 12.30 | 11.62 7.05 2.39 | 0.98 2.74 3.20 2.68 
9 28 27.6 22. 12.8 | 1.77 10.70 | 11.23 6.68 2.79 | 1.17 4.47 5.25 4.76 
10 21 29.0 17.2 14.0 | 1.23 13.50 | 10.08 6.60 2.61 0.87 2.00 2.26 2.37 
1 21 29.6 | 19.2 14.2 | 1.35 12.91 11.52 7.30 2.84 0.95 1.86 2.34 2.50 
12 27 we | 328 126 | 1.7 10.63 11.65 6.86 2.73 1.16 4.53 5.19 4.71 
13 23 29.8 19.2 14.3 | 1.34 12.96 | 11.98 7.57 2.98 0.96 2.00 2.22 2.57 
14 23 oe | wa: | me cl ome 13.45 10.34 | 6.70 2.58 0.88 2.00 2.40 2.54 i 
15 26 29.0 | 228 | 13.6 | 1.66 11.39 | 12.23 | 7.30 2.71 1.07 3.65 3.88 4.00 ‘ 
16 28 28.9 a9, | 86°]. be 11.05 9.42 | 5.80 2.55 Lia i Oe 5.64 4.41 # 
17 27 27.4 185 | 120 | 1.54 11.55 9.68 | 5.99 2.61 1.09 | 3.56 4.34 3.94 
18 30 26.2 204 | 11.4 | 1.78 10.29 | 983 | 5.87 2.49 1.17 | 5.69 6.64 6.08 
19 25 27.3 195 | 13.0 | 1.42 12.33 | 9.98 | 6.19 2.31 0.98 3.15 3.37 3.08 
i 20 27 29.1 22.4 13.3 | 1.69 11.32 | 12.29 | 7.23 | 2.71 1.12 4.10 3.98 4.26 
" Sai Correlation coefficient * 0.90 0.94 | | 0.92 | 0.91 | 0.90 0.92 ; 
Hue at value of 3.0 not corected for differences in value. 
t Correlation with PMA color grade assigned by inspector. 
It . . . i 
r correlation before the correction for brightness is ap- disadvantages other than individual operator differences. 
plied to the hue. Operator No. 2, on the other hand, The discs are of necessity exposed to the air, and rapidly 
r gives better correlation after the adjustment for bright- become worn and dirty. Furthermore, replacement discs 
it ness and chroma have been applied. Since the R/Y may not be of the same production number, and each 
s index is intermediate in both cases, is easily calculated, new disc must therefore be recalibrated by a spectro- 
y and has been found to give good results by several in- photometer. 
tT vestigators from this laboratory, it is used in Table 2 to a 
if compare with the photoelectric methods of color DISCUSSION i 
0 peeronent The — R/ é ys = the ae The color of tomato juice must be caused by its chemi- 
e ae 3 pee . 3 ame ‘ie ak se cal composition and its physical condition. Carotenoid 
wes 3.94, m7 “e No. 3, was 3.55 ; d ; pe ae pigments, especially carotene and lycopene, chlorophyll 
- No. 2 — a higher een saan nd red im we apts derivatives, and other pigments may have a direct bear- 
l match the tomato juice, a inion ent “i “sage been ing on the color. However, the dispersion of these pig- 
t the eee ben i re oe - Equations tor color grades ments, the volume of the solids in the juice, presence of 
d were as follows for the 3 operators: other pigments, and types of crystallization could con- 
! Color score = 19.3 + 1.74 (R/Y) (Operator No. 1). ceivably influence the color produced by the pigments. 
. Color score = 19.9 + 1.39 (R/Y) (Operator No. 2). For example, lycopene, the red pigment in tomato juice, 
: Color score = 18.3 + 2.00 (R/Y) (Operator No. 3). must be carried on the suspended solids of the juice 
t since it is insoluble in water. Two juices of the same 
e Examination of the above equations shows that each lycopene content, but of widely differing insoluble 
t operator must have his own prediction equation for solids contents would present quite different appear- 
‘ satisfactory work. Substitution of Operator No. 2’s re- ance. These considerations help to explain the poorer 
e sults in No. 1's equation may give scores a whole grade correlation obtained between chemical methods and 
point too high. The calculated hues show the same type visual ratings, as compared to reflectance measurements 
{ of discrepancy. Operator No. 2 used a redder hue to related to visual ratings. 
; Seal : : v7 , , 
match Lew color of tomato juice than did No. 1 in each Since the color caused by an insoluble pigment such 
of the 20 samples. The use of the spinning disc presents as lycopene depends on other factors than the quantity 
present, a method other than quantitative determination ty 
TABLE 3 , of pigment concentration is to be preferred. The best ? 
Correlation of Hunter Color Difference Meter measurements possible available approach is analysis of the reflected 
with PMA color grade of tomato juice ’ 4 . ‘es i‘ 
= ———-——— SSS light. Spectrophotometric analysis has been available 
[ ee for many years, but calculations to show the relationship 
; Type of Number eaten: <8 anneal : s h 
Year ead of , Calsaiaasd | Caleaiaaed of spectrophotometric data to the response of the human 
samples a/b | hue at value | Munsell eye are tedious unless one has available an instrument 
| of 3. ue ~ . 
: —. —— such as the G. E. recording spectrophotometer and the 
; 1949 Commercial 28 +0.771 —0.799 | —0.831 : . . . 
: 149 | Pilot plant | 85 40.905 0.853 | —0.943 integrating librascope for computing I. C. I. color values. 
1950 Commercial 30 +0.838 | 0.929 | —0.919 The development of tristimulus filters (8) has made 
1950 Pilot plant 684 40.964 | —0.958 —0.980 ‘ : : 
ee possible the development of instruments that are rapid, i 
‘ * Hue corrected for chroma, not value. ; 
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TABLE 2 
Comparison of methods for color measurement 
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TABLE 4 
Comparison of Maxwell color disc measurements on twenty tomato juice samples by two operators 
— — — —= 
are Operator No. 1 Operator No. 2 
semter | mi | yY¥ Bees mee OT ee, ee BT R/Y Hue 
— ——— | | ——— 
1 67 23 0 | 10 2.91 11.1 mS f Oak + 1.5 | 3.10 11.0 
2 70 19 0 | 11 3.68 10.9 75.5 19 1 4.5 3.97 10.6 
3 58 22 0 20 2.64 11.4 | 62.5 23.5 0 14 | 2.66 112 
4 73 13 0 14 5.62 10.7 ; 82.5 12.5 | 0 5 6.60 10.4 
5 64 21 e 74 15 3.05 23s BES 22 | 0 55 | 3.30 10.9 
6 71 17 0 12 | 4.18 10.9 | 77.8 18 a4. oS | 420 10.7 
7 63 18 1 is | 3.80 ns | sR |; 18 1.5 45 | 4.22 10.4 
8 63 23 0 14 2.74 1.300 | 8672 ee "20 0 5.5 3.20 11.0 
9 76 17 0 ,  % same 10.8 | 84 ; Ss ae 0 , “eae 10.4 
10 56 28 0 16 2.00 11.4 | 64.5 28.5 | 0 7 | 2.26 11.2 
11 54 29 0 eA 4m 1.6 | 65.5 28 0 6.5 | 2.34 il 
12 7 17 0 6 | 4.53 10.7 | 83 16 a oat 5.19 10.4 
13 58 29 0 13 2.00 11.3 oS oe 0 6.5 2.22 11.2 
14 56 28 0 16 2.00 11.4 =| 66 See 0 6.5 2.40 11.0 
15 73 20 0 7 3.65 10.9 | 79.5 | 20.5 0 0 3.88 10.7 
16 64 16 0 20 4.00 He | * 14 0.5 6.5 5.64 10.4 
17 64 18 0 18 3.56 11.1 | 76 17.5 | 0.5 6 4.34 10.6 
18 74 13 0 13 5.69 10.7 83 j 12.5 | 0.5 4 6.64 10.3 
19 63 20 0 17 | 3.18 11.1 | 72.5 21.5 0 6 3.37 11.0 
20 7 19 1 2 | 4,10 10.7 79.5 20 0.5 0 3.98 10.6 
' Specifications : Atlas Notation Production No. 

R = Munsell dise area 5R2.6/13 (red) 3036 

Y = Munsell disc area 2.5 YR 5/12 (yellow) 2476 

G = Munsell dise area N6 (gray) 1174 

B = Munsell disc area N1 (black) 2373 


The existence of many systems for presenting color 
dimensions is confusing to the novice in the field. For 
the purpose of this discussion, the I.C.I. system 
(dominant wavelength, brightness, and purity) and the 
Munsell system (hue, value, and chroma) must be 
reconciled. Hue and dominant wavelength, although 
terms for the same color dimension, are not identical. 
Munsell hue changes not only with dominant wave- 
length, but is affected slightly by chroma and _ value. 
This is caused by a psychological effect on the observer. 
Colors of the same dominant wavelength are interpreted 
as slightly different hues when chroma and value differ. 
In the tomato color region, according to the Munsell 
system, higher chroma is interpreted as yellower hue, 
while higher value is interpreted as a redder hue. From 
these considerations, we may conclude that the Munsell 
system is probably the best form of color data expres- 
sion, since it more nearly corresponds to the interpreta- 
tion of the majority of human observers However, as is 
demonstrated by the experiments reported here with 
three different operators of the Maxwell spinning disc, 
individual observers may vary in their interpretation. 
When samples are similar in value and chroma the above 
considerations are eliminated and the dominant wave- 
length (or Hunter a to > ratio) is satisfactory and much 
simpler to use. Commercial tomato juice samples of 
widely different origin and manufacturing method may 
vary greatly in value and chroma, and calculation of hue 
may be preferable in such cases. 

The a to b ratio of the Color Difference Meter was 
related to the fraction (A — G)/ (G — B) for the 
Reflection Meter according to formula (3) given above. 
Thus it is seen that the two are related linearly. Since 
ay/by, is related to dominant wavelength, the function 
(A — B)/(G — B) too, must be related to dominant 
wavelength. The choice of photoelectric instruments 
will be influenced by the intended use, and the relative 
importance of rapidity and ease of operation. The Color 
Difference Meter was the more rapid and convenient 
instrument tested, although with slight modifications 


the Photovolt instrument, Model 610 proved to be 
capable of as great accuracy. The Maxwell spinning 
(lisc is less objective than the photoelectric instrument, 
and its use is more tedious and time consuming. 


SUMMARY 

The use of the Maxwell spinning disc, the Beckman 
quartz spectrophotometer (Model DU), the Photovolt 
Reflection Meter, and the Hunter Color Difference 
Meter for the measurement of reflected color of tomato 
juice is described. The various methods are compared 
and evaluated on the basis of correlation with grades 
given by Production and Marketing Administration 
inspectors. Of the methods tested, the Color Difference 
Meter was found to be the most rapid, although the 
Photovolt instrument was equally accurate under the 
conditions described here. 

In the use of the Color Difference Meter for grading 
purposes, the ratio of the a to b readings is a convenient 
and accurate method of expressing the color of tomato 
juice within the brightness and chromaticity ranges 
normally encountered. 
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Detection of Commercial Dodecylbenzene Sodium Sulfonate 
in Canned Foods 


JAY C. HARRIS anp FRANK R. SHORT 


Monsanto Chemical Company, Central Research Department, Dayton, Ohio 


(Manuscript received February 22, 1952) 


The increasing use of surface active agents in the 
cleaning and preparation of foods makes desirable, 
methods of detecting their presence in the products 
offered for human consumption. Two methods are 
presented for the extraction of commercial dodecyl- 
benzene sodium sulfonate from food products. The 
extracted surfactant may be detected and roughly es- 
timated by either of two proposed procedures. Toxic 
amounts are many times greater than the 25 p.p.m. 
that can be detected. 


The properties of the surface active agents in com- 
mon use indicate their probable utility for many pur- 
poses in the food industry (2). The removal of dirt 
from the surface of leaf vegetables, the cleaning and 
“flotation” of vined canning peas, the lye peeling of 
fruits, and the use of these agents as emulsifiers and 
antistaling agents have been the subjects of several 
papers (4, 5, 7). The use of surface active agents to 
promote sanitation in food processing plants is another 
potential utilization for these materials (6). 

Chemical agents used to assist in removal of extrane- 
ous matter from foodstuffs or to assist in processing 
frequently may either be adsorbed in the operation or 
carried through mechanically. Absence of such agents 
from foodstuffs as consumed eliminates potential com- 
plaint. Consequently, satisfactory methods for their 
extraction and estimation are necessary steps in extend- 
ing the application of these useful materials. 

The present paper is concerned only with commercial 
dodecylbenzene sodium sulfonate (Santomerse No. 3) 
and with its detection in food products which have been 
processed using it either for cleaning purposes or as an 
aid in lye peeling. However, the methods presented are 
probably applicable to similar anionic surfactants. 

A method which can be used successfully in the 
analysis of these agents must provide for separation of 
the surfactant from the food, have high sensitivity, 
accuracy, and reproducibility. The procedure of Jones 
(3) was modified slightly for use in determining the 
Santomerse No. 3 in canned peas, and in canned peaches 
and apricots which had been lye-peeled with the aid of 


this surfactant. The procedure described by Barr, 
Oliver, and Stubbings (1) using bromophenol blue indi- 
cator was used in the determination of the Santomerse 
No. 3 in washed asparagus. The application of these 
analytical methods required the development of extrac- 
tion procedures, following which they could then be 
applied, 
EXPERIMENTAL 
Extraction Procedure No. 1 


Separate the juice and pulp by pouring the contents of the can 
onto a No. 8 or No. 10 sieve or similar screen and allow to drain. 
Filter the juice through a layer of cotton placed in a funnel. If 
the total surface active agent is desired weigh the pulp and 
obtain the density of the liquid portion by weighing a measured 
volume. , 

Preparation of the juice. Pipet 20 ml. of the juice into a 
250 ml. beaker. Add 80 ml. of absolute alcohol, cover with a 
watch glass, bring to a boil and simmer about 45 minutes. Cool 
and filter through a sintered glass funnel of medium hgrosity 
into a 250-ml. filter flask. Transfer the solids to the filter and 
rinse the beaker and solids with 80% (vol./vol.) alcohol until 
the rinsings are nearly colorless. 

Transfer the filtrate to a 400-ml. beaker, cover, and evaporate 
to 50 ml. Rinse the cover and sides of the beaker with hot water 
and dilute to 100 ml. Add 0.5 ml. of hydrochloric acid and 
evaporate to about 35 ml. Cool and filter into a volumetric flask. 
Rinse with several small portions of water and dilute to 50 ml. 

Preparation of the pulp. Cut the pulp from above into 
small pieces and mash thoroughly in a mortar and pestle. Weigh 
20 g. + 0.1 g. of the well mixed pulp into a 600-ml. beaker and 
add 300 ml. of 80% alcohol. Cover, bring to a boil, and simmer 
45 minutes, stirring occasionally. Cool and filter through a 
sintered glass funnel of medium porosity into a 500-ml. filter 
flask. Transfer the solids to the filter and rinse thoroughly with 
80% alcohol. 

Transfer the filtrate to an 800-ml. beaker, cover, and evapo- 
rate at a gentle boil to 75 ml. Rinse the cover and sides of the 
beaker with hot water and dilute to 150 ml. Add 1 ml. of hydro- 
chloric acid and evaporate to 75 ml. Cool, filter into a volumetric 
flask and dilute to 100 ml. with water. 


Procedure No. 2 


Separate the juice and pulp as described in Procedure No. 1. 
Preparation of the juice of vegetables. Pipet 20 ml. of 
juice into a large test tube (2.5 X 19 cm.). Add 1 ml. of about 
7N. sodium hydroxide. Place the sample in a boiling water bath 
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for 1.5 hours to precipitate materials that interfere with the 
development of the methylene blue color complex. Prevent the 
volume from falling below 15 ml. Remove from the water bath, 
cool, and filter into a small separatory funnel. Neutralize with 
hydrochloric acid. The sample is ready for the Santomerse 
determination by the modified Jones method. 

Preparation of the juice of fruits. No preparation other 
than dilution with water was necessary. Add 14 ml. of water 
to 10 ml. of the juice in a separatory funnel and proceed with 
the modified Jones method. 

Preparation of the pulp. Cut the pulp of fruit or vegetables 
into small pieces and place in a soxhlet extraction apparatus 
without a thimble but with the outlet loosely plugged with cot- 
ton. Extract with 100 ml. of 95% alcohol containing 1 ml. of 
HCl until the color is nearly gone from the pulp (1.5 to 2 
hours ). 

Evaporate the alcoholic extract to about 30 ml., add 30 ml. of 
water, neutralize with sodium hydroxide and filter. Rinse sev- 
eral times and dilute to 100 ml. Remove the chlorophyll by four 
20-ml. extractions in a separatory funnel with low boiling 
petroleum ether (Skellysolve F). Wash the petroleum ether 
with water and add the washings to the main sample solution. 
Evaporate the solution to about 75 ml., cool, and filter into a 
volumetric flask. Rinse and dilute to 100 ml. 


Determination of the Surface Active Agents 

Method No. 1. This is the method of Barr, Oliver, and Stub- 
bings (1) using bromophenol blue indicator. 

The sample containing up to 15 mg. of surface-active agent, 
prepared by one of the above extraction procedures, is divided 
into equal portions and each transferred to an 8-ounce glass- 
stoppered bottle. Adjust ihe solution to a pH of 6 (4 to 8 is 
permissible) using a pH paper. Dilute to 120 ml., add 50 ml. 
of C. P. chloroform and 10 drops of bromophenol blue solution 
(0.04% in 20% alcohol). Titrate the samples with approxi- 
mately 0.001 AM. cetyltrimethyl ammonium bromide (CTAB) 
previously standardized against Santomerse No. 3. The CTAB 
reacts preferentially with anionic surfactants, after which it 
forms a complex with the bromophenol blue which is soluble in 
chloroform, giving the chloroform layer a greenish-blue color 
at the end point. Excess CTAB intensifies the blue color in the 
chloroform layer. 

Method No. 2. The method of Jones (3) for determining 
organic sulfate and sulfonate surfactants was modified slightly 
by: 1, making 3 extractions; 2, washing with acidified water; 
3, using a blank for reference solution; and 4, by preparing a 
standard curve with Santomerse No. 3. 

An aliquot of the prepared sample solution containing up to 
0.4 m@ of Santomerse No. 3 is transferred to a small separatory 
funnel, diluted to 24 ml., acidified with 4 to 6 drops of hydro- 
chloric acid, and reacted with 1 ml. of 0.1% aqueous methylene 
blue chloride (1.0 mg.) by gently shaking for 1 minute. The 
Santomerse-methylene blue complex is extracted 3 times with 
25-ml. portions of chloroform. Each extract is drawn into a 
second separatory funnel and washed with acidified water (1 ml. 
of hydrochloric acid per liter). The chloroform layers are run 
into a volumetric flask through a cotton plug in a funnel. The 
combined chloroform extracts are diluted to 100 ml. with chloro- 
form. 

The color intensity is measured in a spectrophotometer with 
an incident light beam of 652 mu wave-length. (We used a 
Coleman, Model 14, spectrophotometer). A blank substituting 
distilled water for the sample is run concurrently with the sample 
and used as the reference solution. A standard curve is pre- 
pared by reacting known amounts of Santomerse No. 3, and 
sample values are read from the curve. 


DISCUSSION 


Development of procedures. In this work the juice 
and pulp from the canned products were separated and 
analyzed separately. However, if extraction procedure 
No. 1 is used, the entire can of food can be mixed in a 
blendor and samples of the levigated material taken for 
analysis. 
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As is common with foodstuffs, many difficulties were 
encountered in the extraction of the surfactants. Ma. 
terials naturally present in foods and which give , 
positive test are extracted with the surfactant. This 
makes surfactant-free control samples necessary. Op 
the other hand, there seem to be substances present jp 
foods that combine with the surfactant or prevent js 
complete extraction, thereby giving low results. 

With peas a green color was formed with the methy. 
lene blue. The interfering material was precipitated 
from the juice by making it alkaline and heating it ip 
a water bath. Extraction with Skellysolve F removed 
most of this material from the pulp samples. Peach pulp 
yielded a dark brown extract which also formed a green 
color with methylene blue. Evaporation of the acidified 
extract on the steam bath precipitated nearly all of the 
interfering material. 

Addition of Santomerse No. 3 to the food products, 
Samples of the food products which contained no added 
surfactants were secured to serve as control samples, 
Accurately measured amounts of standard Santomerse 
No. 3 solutions were added to juice samples and mixed 
thoroughly before the extractions were made. Known 
amounts of the standard Santomerse No. 3 solutions 
were added to the weighed pulp samples and let stand 
overnight to permit thorough infiltration before the 
extractions were made. 

Comparison of the Jones method with that of Barr, 
Oliver, and Stubbings for determining Santomers 
No. 3. The modified Jones (3) method has the advan- 
tage of being somewhat more sensitive than that of Barr, 
Oliver, and Stubbings (1). As little as 5 p.p.m. can be 
detected by the Jones method, whereas 25 p.p.m. was 
the lowest concentration tried by the other method. The 
aliquot chosen for the development of the methylene 
blue color complex must lie between 0.05 mg. and 
0.4 mg. of active surfactant. The Jones method also 
suffers from greater interference in the formation of the 
color complex by substances extracted from the food 
along with the Santomerse No. 3, and from adsorption 
of the color complex on the walls of the volumetric 
flask in which it is diluted to a standard volume. The 
cationic titration method is easier to manipulate, re 
quires less time, and covers a wider range (0.2 mg. to 
8 mg. of active Santomerse No. 3). 

The combination of extraction procedure No. | and 
determination of the Santomerse No. 3 by cationic titra- 
tion is our choice of the several procedures presented. 


RESULTS 


Table 1 shows results obtained with asparagus. These 
samples were prepared by extraction procedure No. | 
and the Santomerse determined by method No. 1. Itis 
apparent that when Santomerse is added to a sample of 
canned asparagus the recovery, at best, is some 50 to 
60% of the amount added. However, the values ob 
tained with one pulp sample (P-6) show that whet 
0.5 mg. is added to a 20 g. sample it is easily detected. 
This amount is equivalent to 0.0025% or 25 p.p.m. and 
is far below a toxic amount. Santomerse is of a low 
order of toxicity, being in the range of 400 mg. per kg. 
Samples of commercially canned asparagus which had 
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3 in asparagus 





Santomerse No. 3¢ 


TABLE 1 
Determination of San 
al — ———— — a — 
Santomerse Aliquot Volume of 
Sample No. 3 added sieoeted CTAB® 
to sample 
— Ser Dn” weer ae | ml. 
Juice” 
jl 0.0 10.0 0.11, 0.12 
os . 0.0 25.0 0.22, 0.225 
}3 0.0 25.0 0.16, 0.17 
j4 1.0 10.0 0.35, 0.34 
1.5 2.0 25.0 1.23, 1.38 
Pulp 
P-1 0.0 25.0 0.12, 0.18 
p-2 0.0 50.0 0.27, 0.28 
P-3 0.0 50.0 0.25, 0.29 
P-4 1.0 25.0 0.48, 0.52 
p-4 1.0 50.0 0.84 
P-5 1.0 50.0 0.84, 0.87 
P-6 0.5 50.0 0.42, 0.46 
P-7 2.0 50.0 1.26, 1.25 


Net Vol. in aliquot | 
CTAB : w2 Recovery 

Added Found 
ml. mg. mg. % 

| 

| 
0.23, 0.22 0.20 0.10 | 50 
1.04, 1.19 1,00 0.50 50 
0.33, 0.37 0.25 0.16 63 
0.57 0.56 0.26 52 
0.57, 0.60 0.50 0.27 | 54 
0.15, 0.19 0.25 0.08 32 
0.99, 0.98 1.0 0.45 45 


21 mi. of the CTAB solution is equivalent to 0.45 mg. of Santomerse No. 3. 


» Juice and pulp prepared by extraction procedure No. 1. 
¢ Determination of Santomerse by method No. 1. 


heen washed with Santomerse showed no detectable 
amounts of Santomerse retained in them. 

Tables 2 and 3 give the results obtained with peaches 
and apricots. Table 3 shows that 0.05 mg. of Santo- 
merse No. 3 added to 10 mil. of juice (5 p.p.m.) and 
1.0 mg. added to 20 g. of pulp (50 p.p.m.) are readily 
detected, with 75 to. 85% recovery in the case of the 
juice and 50% recovery with the pulp. These values 


TABLE 2 
Determination of Santomerse No. 3 in peaches 


Santomerse Santomerse No. 3* 
‘ No. 3 Aliquot — in aliquot 
Sample added to | for determi Recovery 
sample nation Added Found 
mg mi. mg. mg. % 
Juice® 
J-10 0.0 10.0 0.0 0.022 
j-11 0.0 10.0 0.0 0.013 
J-12 0.0 10.0 0.0 0.020 
J-13 0.0 10.0 0.0 0.007 . 
j-14 0.10 10.0 0.10 0.081 81 
J-15 0.20 10.0 0.20 0.150 75 
J-16 0.20 10.0 0.20 0.153 76.5 
J-17 0.20 10.0 0.20 0.150 75 
Pulp* 

P-10 0.0 20.0 0.0 0.015 
P-11 0.0 20.0 0.0 0.013 
P-12 0.0 20.0 0.0 0.015 oe 
P-13 0.75 20.0 0.15 0.107 71 
P-14 1.0 20.0 0.20 0.109 54 
P-14 1.0 20.0 0.20 0.100 50 


* Juice prepared by extraction procedure No. 2. 


* Pulp prepared by extraction procedure No. 1. 
* Determination of the Santomerse by method No. 2. 


TABLE 3 
Determination of Santomerse No. 3 in apricots 


Santomerse Santomerse No. 3! 


; No. 3 Aliquot _ li t | 
Sample added to | for determi ae = Recovery 
sample nation Added | Found 
. mg. mi. mg. mg. % 

Juice® 

J-20 y 0.0 10.0 0.00 0.003 

J.21 0.0 10.0 0.000 0.005 

J-22 0.0 10.0 0.000 0.000 

J-23 0.05 10.0 0.05 0.043 86 
Pe 0.05 10.0 0.05 0.042 84 

ulp® 

P.20 0.0 20.0 0.00 0.014 

P-20 0.0 20.0 0.00 0.014 = 

P21 1.0 20.0 0.20 | 0.099 | 49.5 
_P 21 1.0 20.0 0.20 | 0.104 52.0 


* Juice prepared by extraction procedure No. 2B. 
"Pulp prepared by extraction procedure No. 1B. 
' Determination of the Santomerse by method No. 2. 


are not the lowest limit for detection but were the lowest 
tried. Samples of commercially canned peaches and 
apricots which had been lye-peeled with the aid of 
Santomerse were tried but not listed in the tables. By 
these methods they showed 0 to 0.8 p.p.m. retained in 
the juice, and 0 to 1.7 p.p.m. in the pulp. 

Table 4 represents the results of canned peas. No 
Santomerse was used in preparing these peas for 


TABLE 4 
Determination of Santomerse No. 3 in peas 
i ———— 
Aliquot Santomerse No. 3 Santomerse 
Phen : equivalent in aliquot No. 3™ in 
Sample for determi- all of juice 
| nation ss - 
| - omen or pulp 
} Total Net 
mi. mg. mg 
J uice* 
Control 1 15 C006 | «= 
Control 2 20 0.033 allie shonen 
Sample 3 20 0.193 0.16 0.40 
Sample 4 20 0.190 0.16 0.40 
Pulp' 
Control 5 2 0.023 — emaue 
Control 6 3 1.020 rms ocnee 
Sample 7 2 0.125 0.102 25.8 
Sample 8 0.174 0.154 26.0 





i Total Santomerse No. 3 added to can is 100 mg. Total Santomerse 
No. 3 found in can is 26.3 mg. (0.4 mg. + 25.9 mg..) or percent recovery 
is 26.3%. 

* Juice prepared by extraction procedure No. 2. 

1 Pulp prepared by extraction procedure No, 2. 

™ Determination of the Santomerse by method No. 2. 


canning. No Santomerse was added to the control can 
but 100 mg. of Santomerse No. 3 was added to the 
sample can. There were 86.0 g. of pulp and 50.8 ml. 
(52.7 g.) of juice in the sample can. After separation 
17.0 g. of pulp were weighed out for each pulp sample. 
This was the first canned food tried and the techniques 
were not as well worked out as later, which may par- 
tially account for the low recovery of 26%. However, 
the detection of this low concentration of 0.007% (70 
p.p.m.) was definite. It is interesting to note that the 
Santomerse was not evenly distributed between juice 
and pulp but was concentrated in the pulp. 


SUMMARY 


The data presented shows that satisfactory extraction 
techniques were developed and that the methods for 
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detection are sensitive to minute amounts of surface 
active agents present. 

A comparison of the Modified Jones Method with 
that of Barr, Oliver, and Stubbings indicates that the 
latter is more readily used and is sufficiently sensitive 
altho the Jones Method will detect smaller amounts. 

By either method, 0.0025% or 25 p.p.m. of dodecyl- 
benzene sodium sulfonate added to, or retained in 
canned foods may be definitely detected, and larger 
amounts roughly estimated. 

At the time this investigation was undertaken no 
reports were found in the literature of methods for 
detecting or determining anionic surface active agents 
in food products. The authors believe that the methods 
described in this report may serve as bases for the de- 
velopment of precise quantitative procedures. Improved 
extraction techniques will undoubtedly lead to better 
recovery of added surfactant. 


6. 
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Radiological Contamination of Food 
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U. S. Naval Radiological Defense Laboratory, San Francisco, California 


(Manuscript received April 4, 1952) 


Atomic or radiological warfare will bring the mili- 
tary forces and civilian population face to face with 
possible radiological contamination of food. In this 
report consideration is limited to the contamination 
of food by radioactive particulate matter. Factors 
influencing the extent of such contamination and the 
conditions under which food may be safely salvaged 
are discussed. 


In the event of an attack employing atomic weapons, 
one of the many problems which would be encountered 
by both civilian and military authorities is the con- 
tamination of food supplies. The following discussion 
considers the contamination problem arising from the 
radioactive particulate matter which is widely dis- 
persed by an atomic explosion. Throughout the dis- 
cussion it is assumed that the level of external radiation * 
is low enough to allow salvage operations to be con- 
ducted with safety.” No special consideration is given 
to the alteration of the chemical composition of either 
food stuffs or packaging materials by induced radio- 
activity since such activity occurs only in the zone of 
high neutron flux. 

Peterson, Webster, and Liljegren (4) indicate that 
neutron-induced radioactivities in food may be calcu- 
lated from their sodium, potassium, and phosphorus 
contents. Furthermore, radioactivity induced in foods 
at a distance of 1,700 feet from the explosion of a nomi- 


* Definitions of the various units employed in this article may 
be found in reference (5). 

" Present AEC tolerance levels for external radiation are 
300 milliroentgen (mr.) per week or 7.5 mr. per hour based on 
a 40-hour week. It seems reasonable, however, that in an emer- 
gency a dose of 5 to 25 roentgen (r.) could be condoned, if not 
repeated. 


nal bomb is so low that the ingestion of any reasonable 
amount is well below accepted tolerance doses. 


Since food is one of the basic requirements, the 


determination of the edibility of supplies in the vicinity 
of an atomic attack is of prime importance to those 
responsible for relief and rehabilitation in such areas. 
While the hazard involved in the ingestion of radio 
active material varies with the nature and amounts of 
these materials, the maximum concentration which can 
be safely ingested is extremely low. This is especially 
true of the longer lived alpha and beta emitters present 
in the fission products of plutonium and uranium a 
indicated in Tables 1 and 2. 


Bale (1) considers that levels of beta activity as high 


as 2 & 10° disintegrations per minute per cubic centi- 


TABLE 1 
Amounts of radioisotopes considered dangerous (3) 


Amount (ac)* 


As", Kr* we , 1000 
Se, Cb”, Ru™, Ru™, Te™ ve 

Te’™, I, Cs*, Ba”, La” 

Ce™, Pri, Nd? : 100 


SY, 2, Co, 6 0 





© Microcuries. 





TABLE 2 
One year tolerance values in water (2) 
Radioisotope - Amount (ug, c.c.)# 4 
CE ES a ee ; , 3.1 xk 10% 
a ERNE i ny 1.3 x 10° 
Se, Y™.... senitiws ; nan a te* 
ERE 4.4 x 10° 
Ba™, La” 5.1 x 10° 





4 Micrograms per cubic centimeter. 
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meter (d. per m. per c.c.) are permissible in water or 
food in a 10-day period following an atomic bomb blast. 
Furthermore, he regards levels 445 as great as present- 
ing insignificant risks. Risks associated with alpha 
activity are negligible in comparison with the beta ac- 
tivity hazards during the first few days after detonation 
of an atomic bomb. According to Bale, levels of 10* 
alpha d. per m. per c.c. from Pu offer little hazard in 
water for 10 days. 

The extent to which food supplies may be contami- 
nated by radioactivity depends principally upon the fol- 
lowing : a, nature of the attack ; b, distance between food 
storage and epicenter of the explosion; and c, type of 
package. 

The nature of the attack may be either a bomb drop 
or radiological warfare. The bomb drop may be an air 
burst, an underground one or an underwater one. Since 
fission products resulting from an air burst are chiefly 
dissipated in the stratosphere, the only problem of con- 
tamination appears in the range of high neutron flux. 
The underwater and underground bursts are of grave 
concern since many cities might undergo them. In such 
bursts, tests have shown that the base surge and fall-out 
distribute the fission products over wide areas. In the 
radioactive particulate matter dispersed by such bursts, 
the contaminants are both long-lived alpha and _ beta- 
gamma emitters and also short-lived beta and gamma 
emitters. 

In radiological warfare, radioactive materials are 
scattered by means other than the explosions of an 
atomic bomb. Although it is not certain what material 
would be employed in such warfare, it is reasonable to 
assume that they would consist of long-lived beta- 
gamma emitters. Consequently, the problem of food 
contamination by radiological warfare would be very 
similar to that encountered in an underwater or under- 
ground burst. 

The distance of the food supplies from the epicenter 
of the explosion affects the problem of food contamina- 
tion in two ways. First, if the storage point is within 
acertain radius of the epicenter, the blast pressure and 
heat effects will make the supplies unusable because of 
physical damage. Secondly, if the storage point is 
within the range of high neutron flux, materials such as 
metal containers and chemical preservatives will become 
radioactive from their bombardment by neutrons. Such 
induced radioactivity alters the composition of these 
materials and presents a problem which is distinct from 
the contamination caused by the widespread diffusion 
of radioactive particulate matter. 

When contamination is caused by radioactive par- 
ticulate matter, the composition and construction of the 
package are important factors in preventing contamina- 
tion of food supplies. Here the problem is essentially 
the prevention of the passage of radioactive particles 
from the exterior to the interior of the package. Since 
these particles may be as small as 0.00002 inch in 
diameter, the need for an extremely tight package is 
obvious. Furthermore, the package should be con- 
structed so that its contents can be salvaged without 
their contamination by contact with radioactive par- 
ticles on its exterior. 
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The protection which such common packaging ma- 
terial as sheet metal, metal foil, plastic, paper, fabrics, 
glass, and wood affords against contamination by radio- 
active particulate matter merits comment. 


Metal, either sheet or foil, is an excellent packaging material. 
Sheet metal containers are clearly the superior package as far 
as prevention of dust penetration is concerned. Metal foil 
affords good protection, but sealing of the seams is a possible 
weakness. 

Plastics are generally good protectors. In the case of bags 
made of sheet plastic, attention should be directed toward the 
sealing and the ease with which some of this material is ruptured 
during rough handling. 

Paper containers vary in quality over wide limits. Tight 
cardboard containers which are covered and well sealed with 
waxed paper should afford adequate protection while ordinary 
paper sacks may allow their contents to become contaminated 
readily. Protection depends on the quality of the material and 
the care with which the package is sealed. 

Such packages as burlap bags and the closer-woven sugar 
and flour sacks are very porous. These are all obviously poor 
for preventing contamination of the food supplies contained in 
them. 

Glass generally makes an excellent protective package except 
for its fragility. 

Wood is generally a poor package material unless used in 
combination with an impermeable material. An exception is the 
tight, waxed barrel used for many foods. 


Although packaging materials for the protection of 
food from radioactive contaminants are available, tech- 
niques must be devised to remove food from containers 
without contaminating it with radioactive material 
lodged on their exteriors. Such methods as multiple 
layer packaging or suitable chemical decontamination 
are possible ways of solving this problem. Whatever 
method is used in salvaging food stuffs from contami- 
nated containers, it must be remembered that small 
quantities of radioactive material may be hazardous if 
ingested. 

The thick peeling which encloses the edible part of a 
fruit is a protective covering against radioactive con- 
taminants. Fruit like bananas or oranges may be sal- 
vaged if care is taken in peeling them. Foods with no 
protective peeling, such as lettuce, cauliflower, or 
cabbage, should be discarded. : 

Standard methods of radiochemical analysis can be 
easily adapted for determining which foods are safe and 
which are not. Sampling techniques which allow the 
evaluation of large quantities in a reasonably short 
length of time should be employed. 

The extent of the contamination found in some food 
supplies aboard one ship after the Baker underwater 
explosion during Operation Crossroads is shown in 
Table 3. Both the condition of the package and the 


TABLE 3 


Examples of contamination of foodstuffs exposed during 
Baker test—Operation Crossroads 


way ee eee 
Condition Estimated fission product 











Food activity at 1 minute after 
when found blast (mc./g.)* 
Canned meat................ | Can burst open 2.0 
PRE CSN Rakes Open package 0.3 
Ere Sack opened 1.0 
Flour neurone = Open barrel 2.5 
Brown sugat...................... Open sack 3.0 








* Millicuries per gram. 








